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(57) Abstract 

Therapeutic drug delivery sytems CCTprising gas-filled mi- 
CTpspheres comprising a therapeutic are described. Methods for 
employing such microspheres in therapeutic drug delivery appli- 
caiions art. also provided. Drug delivery systems comprising gas- 
6Ued liposomes having encapsulated therein a drug are preferred. 
Methods of and apparatus for preparing such liposomes and meth- 
ods for employing such liposomes in drug delivery applications 
are also disclc^ed. 
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NOVEL THERAPEUTIC DRUG DELIVERY SYSTEMS 



RELATED APPLICATIONS 

This application is a continuacion-in-part of 
copending applications U.S. Serial Nos . 716,899 and 717,084, 
5 each filed June 18, 1991, which in turn are continuation-in- 
parts of U.S. Serial No. 569,828, filed August 20, 1990, 
which in turn is a continuation-in-part of application U.S. 
Serial No. 455,707, filed December 22, 1989, the disclosures 
of each of which are hereby incorporated herein by reference 
10 ,in their entirety. 

BACKGROUND OF THE INVENTION 

: Field of the Invention 

This invention relates to the field of therapeutic 
drug delivery and more specifically, to gas-filled 
15 microspheres comprising a therapeutic compound. The 

invention further relates to methods for employing such 
microspheres as therapeutic drug delivery systems. 

Background of the Invention 

Targeted drug delivery means are particularly 

20 important where the toxicity of the drug is an issue. 

Specific drug delivery methods potentially serve to minimize 
toxic side effects, lower the required dosage amounts, and 
decrease costs for the patient. The present invention is 
directed to addressing these and/or other important needs in 

25 the area of drug delivery. 
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Conventional, liquid-containing liposomes have beer, 
used to deliver genenic material to cells in cell culture but 
have generally been ineffective in vivo for cellular delivery 
of genetic material. For example, cationic liposome 
5 transfection techniques have not worked effectively in vivo. 
More effective means are needed to improve the cellular 
delivery of therapeutics such as genetic material. 

SUMMARY OF THE INVENTION 

The present invention provides therapeutic drug 

10 delivery systems for site-specific delivery of therapeutics 
using gas- filled microspheres. Once the microspheres have 
been introduced into the patient's body, a therapeutic 
compound may be targeted to specific tissues through the use 
of sonic energy, which is directed to the target area and 

15 causes the microspheres to rupture and release the 
therapeutic compound. 

Specifically, the present invention provides targeted' 
therapeutic drug delivery systems comprising a gas- filled 
microsphere comprising a therapeutic compound. 

20 The invention also contemplates methods for the 

controlled delivery of therapeutic compounds to a region of a 
patient comprising: (i) administering to the patient gas- 
filled microspheres comprising a therapeutic compound; (ii) ' 
monitoring the microspheres using ultrasound to determine the 

25 presence of the microspheres in the region; and (iii) 

rupturing the microspheres using ultrasound to release the 
therapeutic compound in the region. 

In addition, the present invention provides methods 
and apparatus for preparing gas-filled liposomes suitable for 

30 use as drug delivery agents. Preferred methods of the 

present invention provide the advantages, for example, of 
simplicity and potential cost savings during manufacturing of 
gas-filled microspheres comprising therapeutic compounds. 

The gas- filled liposomes are particularly useful as 

35 drug carriers. Unlike liposomes of the prior art that have a 
liquid interior suitable only for encapsulating drugs that 
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liposome microsphere, and exposed to both the internal gas- 
filled void, and the exterior environment, and the subsequent 
release of the therapeutic upon the application of 
ultrasound. 

5 FIGURE 5 is a diagrammatical depiction of a gas- filled 

liposome microsphere having a therapeutic compound attached 
to the interior of the liposome, and the subsequent release 
of the therapeutic upon the application of ultrasound, 

FIGURE 6 is a diagrammatical depiction of a gas- filled 
10 liposome microsphere having a therapeutic compound attached 
to the exterior of a liposome microsphere, and the subsequent 
release of the therapeutic upon the application of 
ultrasound. 

FIGURE 7 is a diagrammatical illustration of a gas- 
15 filled liposome microsphere having a therapeutic compound, 

such as a negatively charged drug (A) or a positively charged 
drug (B) attached to the interior and the exterior of a 
liposome microsphere, and the subsequent release of the 
therapeutic upon the application of ultrasound. 
20 FIGURE 8 is a diagrammatical illustration of a gas- 

filled liposome microsphere having a therapeutic compound 
encapsulated within the internal gas-filled void, and the 
subsequent 'release of the therapeutic upon the application of 
ultrasound. 

25 FIGURE 9 is a view, partially schematic, of a 

preferred apparatus according to the present invention for 

preparing the therapeutic containing gas-filled liposome 

microspheres of the present invention. 

FIGURE 10 shows a preferred apparatus for filtering 
3 0 and/or dispensing therapeutic containing gas- filled liposome 

microspheres of the present invention. 

FIGURE 11 depicts a preferred apparatus for filtering 

and/or dispensing therapeutic containing gas-filled liposome 

microspheres of the present invention. 
35 FIGURE 12 is an exploded view of a portion of the 

apparatus of Figure 11. 
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herein in connection with the location of the rherapeuzic 
compound, means that the therapeutic compound is linked in 
some manner to the inside and/or the oucside wall of the 
microsphere, such as through a covalent or ionic bond, or 
5 other means of chemical or electrochemical linkage or 

interaction, as shown, for example, in Figures 5, 6 and 7. 
The phrase "encapsulated in" or variations thereof as used in 
connection with the location of the therapieutic compound 
denotes that the therapeutic compound is located in the 

10 internal microsphere void, as shown, for example, in Figure 
8.' The phrase "embedded within" or variations thereof as 
used in connection with the location of the therapeutic 
compound, signifies the positioning of the therapeutic 
compound within the microsphere wall, as shown, for example 

15 in Figures 1, 2, 3 and 4. The phrase "comprising a 

therapeutic" denotes all of the varying types of therapeutic 
positioning in connection with the microsphere. Thus, the 
therapeutic can be positioned variably, such as, for example, 
entrapped within the internal void of the gas- filled 

20 microsphere, situated between the gas and the internal wall 
of the gas-filled microsphere, incorporated onto the external 
surface of the gas- filled microsphere and/or enmeshed within 
the microsphere structure itself. It will also be understood 
by one skilled in the art, once armed with the present 

25 disclosure, that the walls of the microsphere, when it 
comprises a lipid, may have more than one lipid bilayer. 

The microspheres of the present invention may be used 
for targeted therapeutic delivery either in vivo or in vitro. 
Preferably, each individual microsphere is capable of 

30 releasing substantially all of the therapeutic compound upon 
the application of ultrasound. The phrase "substantially 
all" refers to at least about 80%, and preferably at least 
about 90%, and most preferably, about 100%. In certain 
embodiments, the release of all of the therapeutic comoound 

35 from all of the microspheres is immediate; in other 

embodiments,, the release is gradual. It. will be understood 
by one skilled in the art, once armed with the present 



W'O 94/28S73 

PCT/l'S94/e5«0 

disclosure tha^ • ' ° " 

^^P^-ding upon tV"' -"^"-^^^^^ rate of 

"^^-ased fro. °' ^^-rapeutic thus 

---C :;\:--p^e.e upon rupruTrv^ --^--:v 
---t disclosure i:::^^- o„ce 

^ "^^rasound appued ''^^^"-"-X and" ^"^^ 

10 release of th! ! " ^^^^^d to ai °- 
°t the theraoeutic achieve a desi^»^ 

"aUs cf ' '^^ ='>«'-9ed drug, , " anionic 

"-^"^^^e the:;::;:::---". -=«sp:r:r rr-^ 

!=■= prepared witt,„ "="P«"tic, or P«Pared ae 

" the gas.," , "'"peu, , ' "^"«Pheres 

«a,, C -"-spheres pr.orV '"""^-"^ 

f--"iad ,icrcsptz^- ^ ""'"-"c 

" about 50* " ^""^ 5as " abou, 

and „„s°;r, preferab; ^'"^-'ably 

followed by io-?! ' P«= rser 

"^^"^inations 



wo 94/2S873 



PCT/US94/05620 



- 9 - 

thereof. Other suitable gases will be apparent to those 
skilled in the art once armed with the present disclosure. 

The microspheres of the present invention are 
preferably comprised of an impermeable material . An 
5 impermeable material is defined as a material that does not 
permit the passage of a substantial amount of the contents of 
the microsphere in typical storage conditions or in use • 
before ultrasound induced release occurs. Typical storage 
conditions are, for example, a non-degassed aqueous solution 

10 of 0.9% NaCl maintained at 4°C for 48 hours. Substantial as 
used in connection with im»permeability is defined as greater 
' than about 50% of the contents, the contents being both the 
gas and the therapeutic. Preferably, no more than about 25% 
of the gas and the therapeutic are released, more preferably, 

15 no more than about 10% of the gas and the therapeutic are 
released during storage, and most preferably no more than 
about 1% of the gas and therapeutic are released. The 
temperature of storage is preferably below the phase 
transition temperature of the material forming the 

20 microspheres. 

At least in part, the gas imperm.eability of gas -filled 
liposomes has been found to be related to the gel state to 
liquid crystalline state phase transition temperature.. By 
"gel state to liquid crystalline state phase transition 

25 temperature", it is meant the temperature at which a lipid 
bilayer will convert from a gel state to a liquid crystalline 
state. See, for example, Chapman et al . , J. Biol. Chem, 1974 
249, 2512-2521. It is believed that, generally, the higher 
gel state to liquid crystalline state phase transition 

30 temperature, the more gas impermeable the liposomes are at a 
given temperature. See Table I below and Derek Marsh, CRC 
Handhook of Lipid Bilayers (CRC Press, Boca Raton, FL 1990) , 
at p. 139 for main chain melting transitions of saturated 
diacyl-sn-glycero-3-phosphocholines . However, it should also 

35 be noted that a lesser degree of energy can generally be used 
to release a therapeutic compound from gas-filled liposomes 
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In certain preferred embodiments, the phase transit icn 
temperature of the material forming the microsphere is 
greater than the internal body temperature of the patient 
which they are administered. For example, microspheres 
5 having a phase transition temperature greater than about 37°C 
are preferred for adm.inistration to hum.ans . In general, 
microspheres having a phase transition temperature greater 
than about 20 °C are preferred. 

In preferred embodiments, the microspheres of the 

10 invention are stable, stability being defined as resistance 
to rupture from the time of formation until the application 
of ultrasound. The materials, such as lipids, used to 
construct the microspheres may be chosen for stability. For 
example, gas-filled liposomes composed of DSPC 

15 (distearoylphosphatidylcholine) are more stable than gas- 
filled liposomes composed of DPPC (dipalmitoylphosphat idyl - 
choline) and that these in turn are more stable than gas- 
filled liposomes composed of egg phosphatidylcholine (EPC) . 
Preferably, no more than about 50% of the microspheres 

20 rupture from the time of formation until the application of 
ultrasound, more preferably, no more than about 25% of the 
microspheres rupture, even more preferably, no more than 
about 10% of the microspheres, and most preferably, no more 
than about 1% of the microspheres. 

'25 In addition, it has- been found that the incorporation 

of at least a small amount of negatively charged lipid into 
any liposome membrane, although not required, is beneficial 
to providing liposomes that do not have a propensity to 
rupture by fusing together. By at least a small amount, it 

30 is meant about 1 mole percent of the total lipid. Suitable 
negatively charged lipids will be readily apparent to those 
skilled in the art, and include, for example, 
phosphatidylserine and fatty acids. Most preferred for 
ability to rupture on application of resonant frequency 

3 5 ultrasound, echogenicity and stability are liposomes prepared 
from dipalmitoylphosphatidylcholine . 



W'O 94/28873 

PCT/US94/OSe20 , 

" 12 - 

Further t-h 

P eferaoxy sufficiently stable ^"^-ntion ar^ 

they withsr^in^ Suable an th« v;.e^ 

Phosphorylat^H . P°^>^^nyl alcohol ^ 

y recognition by th« ■ 
In Prefor>-»w imxune 
P^-ferably, , ^-"^^^i-^ents, at least 

contents of"thr of the^V ' 

"licrosphere k "^^^ospheres • "^^^rapeutic 

pnere, because of tho,- ^^emaan with th« 

internal region / ^-"P^^^eabilitv 
"^<:rasound is alT ^^^^^"^ to be , '^^^ ^^^^^ 

purthi; z ^^^^^^^ 

^^-^^ - bioco to for. the .i 

- -n-toxic to a p:'i:„t '^°^°^^-^^^e .ateriaT"*^^^^- 
Administered, and T t ^-"ounts i„ . ^""^ "^^"ined 

P-^erably a J^:'^^^^^^' not disease ' '''' 

materiL "'^^^ ^^^^ -Producing, and 

^-^--My f i,,,,,^ "^^^^ for. the microspheres ■ 
°f 3as-fi2ied „• '^^^ibility, as H ^ ^^^^""^^ also 

iiied microsphereQ • defined in th 

^^'^^ its Shape fo/ ' ability of '^^"'^^t 

having a 3te""-°'^' ^" to p^l^ T^"^^"- to 

^ioosomL / ^han the '''^^"^^ an 

^iocompatibii,>, liposomes are n I 

"^■"branes afte, , ^^Pounds chat „ui 



94/28873 



. 13 - 

„ b» chosen fo- 
lipids may b- 



- provided ^"-^^.^^w lom. -^^^-"l ,,,, pas. through 
„.„=sphe.es U .a.,a. »a-;„^ ..ve. ch 

' ■ ^ antibodies, ^ lectins may 

glycopept^^-- !^ ,,,,ace of ^^^^ 
incorporated xn-o . ^ to 

microspheres ^^.^^^ 

Upids .ay be u X .ay . ^^^^^^^^ 

,5 microspheres. ...lude any - th^ ,3 

- preparing Ixpos-e^ ^^^^ ^,,3, 3..^ ^^^^ ,e 
eombinations he- ^^,,.,ion ^h^ ^^^^^^^^^ , 



20 



.„ica.>le to. ,etic origin- Jh. ^ 

^i^her natural or sY "T/uf- 
;xas»a haif-Uia versus „av he in th- 

inc.- ^t ;« --^.cncUne ».th hcth 

30 dioleoylPho^P""'*' wylchoUne. . .„^„,p>,atidylchoUne . 
,ipe„tadecanovlPh=^;^^,„,,„., ^^■''^XS^lathanola^in.s such 
jiUuroylPho=Phat-°V "o/phatidyl-erine, 
,,..earPVlPhoaP'>'"*^,,,,„pla«ine. P'^^J*' ^„,,„,,xipids 



^0 94/2SS73 

PCT/USW/os«0 



Pnosphatidic acid; oalni^ • " 



35 



'"■i-- Oleic acid, 1;,;' r ""--ic .cl-. . 

^^W-is With el '-opherol , 

^^Pi'^^. diacel, "'"-linked fa' ! 

„ f«-=upr:L:'rr:^ -----r.r:: ---- 

chaL r/=^^ ^-^^ Of . ca"l «>-^ =ha<„;-* 

'"""^"inocoumarin-, "id- « „, 

7 ~TB, i.a-aioie:XT;;"«^-3- <t,i„,:,;;;:-^''^-«oi„„ 

Glycerol „ay j: ' -"^"""H -a«„lTrr°'''°''^"^'- 

'^P^'^ to «o„-caUc„,<; , ^'"'"1 "e molar 

"-pie. laooo, ::„V'^" 'i'e iipor„:::r" ^ ""onic 

^-^-My in the ,a° , T'^^"^' Tl 
'"■""nt no„-catl '„ ' ""^^ ''"ount car '"^ 

"Pi^ ie used f "°"-«:ionic 1 ' ■ ""i"y o- 

^"'"-"yipho.pha„d,,::;t:"- '"^^ 



wo 94/28873 



PCT/US94/05620 



. 15 - 

dipalmitoylphcsphatidyle-hanolamine cr dioleoylphospha::idyl - 
ethanolamine. In lieu of ca-icnic lipids as described above 
lipids bearing cationic polymers such as polylysine cr 
polyarginine may also be used 1:0 construct the microspheres 
5 and afford binding of a negatively charged therapeutic; such 
as genetic material, to the outside of the microspheres. 

Other useful lipids or combinations thereof apparent • 
to those skilled in the art which are in keeping with zhe 
spirit of the present invention are also encompassed by the 

10 present invention. For example, carbohydrate-bearing lipids 
may be employed for in vivo targeting, as described in U.S. 
Patent No. 4,310,505, the disclosures of which are hereby 
incorporated herein by reference, in their entirety. 
The most preferred lipids are phospholipids, 

15 preferably DPPC and DSPC, and most preferably DPPC. 

Saturated and unsaturated fatty acids that may be used 
to generate gas -filled microspheres preferably include, but 
are not limited to molecules that have between 12 carbon 
atoms and 22 carbon atoms in either linear or branched form. 

20 Examples of saturated fatty acids that may be used include, 
but are not limited to, lauric, myristic, palmitic, and • 
stearic acids. Examples of unsaturated fatty acids that may 
be used include, but are not limited to, lauroleic, 
physeteric, myristoleic, palmitoleic, petroselinic , and olei 

25 acids. Examples of branched fatty acids that may be used 
include, but are not limited to, isolauric, isomyristic, 
isopalmitic, and isostearic acids and isoprenoids. 

Solutions of lipids or gas-filled liposomes may be 
stabilized, for example, by the addition of a wide variety c 

30 viscosity modifiers, including, but not limited to 
carbohydrates and their phosphorylated and sulfonated 
derivatives; polyethers, preferably with molecular weight 
ranges between 400 and 8000; di- and trihydroxy alkanes and 
their polymers, preferably with molecular weight ranges 

35 between 800 and 8000. Emulsifying and/or solubilizing agent 
may also be used in conjunction with lipids or liposomes. 
Such agents include, but are not limited to, acacia, 
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negestrol acetate, tamoxifen citrare, cestoiactcne , 
trilostane, amsacrine (m-AMSA) , asparaginase (L-asparaginase '= 
Erwina asparaginase, etoposide (VP-16; , interferon a-2a, 
interferon a-2h, tenyposide (VM-26) , vinblastine sulfate 
5 (VLB), vincristine sulfate, bleomycin, bleomycin sulfate, 

methotrexate, adriamycin, and arabinosyl; blood products such 
as parenteral iron, hemin, hematoporphyrins and their 
derivatives; biological response modifiers such as 
muramyldipeptide , muramyltripeptide, microbial cell wall 

10 components, lymphokines (e.g., bacterial endotoxin such as 
lipopolysaccharide , macrophage activation factor) , sub-units 
of bacteria (such as Mycobacteria, Corynebacteria) , the 
synthetic dipeptide N-acetyl-muramyl-L-alanyl-D-isoglutamine ; 
anti-fungal agents such as ketoconazole , nystatin, 

15 griseofulvin, flucytosine {5-fc) , miconazole, amphotericin B, 
ricin, and /S-lactam antibiotics (e.g., sulfazecin) ; hormones 
such as growth hormone, melanocyte stimulating hormone, 
estradiol , beclomethasone dipropionate , betamethasone , 
betamethasone acetate and betamethasone sodium phosphate, 

20 vetamethasone disodium phosphate, vetamethasone sodium 

phosphate, cortisone acetate, dexamethasone , dexamethasone 
acetate, dexamethasone sodium phosphate, flunisolide, 
hydrocortisone, hydrocortisone acetate, hydrocortisone 
cypionate, hydrocortisone sodium phosphate, hydrocortisone 

25 sodium succinate, methylprednisolone , methylprednisolone 

acetate, methylprednisolone sodium succinate, paramethasone 
acetate, prednisolone, prednisolone acetate, prednisolone 
sodium phosphate, prednisolone tebutate, prednisone, 
triamcinolone, triamcinolone acetonide, triamcinolone 

3 0 diacetate, triamcinolone hexacetonide and fludrocortisone 
acetate; vitamins such as cyanocobalamin neinoic acid, 
retinoids and derivatives such as retinol palmitate, and a- 
tocopherol; peptides, such as manganese super oxide 
dismutase; enzymes such as alkaline phosphatase; anti- 
. 35 allergic agents such as amelexanox; anti-coagulation agents 
such as phenprocoumon and heparin; circulatory drugs such as 
propranolol; metabolic potentiators such as glutathione; 
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hydrochloride, etidocaine hydrochloride , lidocaine 
hydrochloride, mepivacaine hydrochloride, procaine 
hydrochloride and tetracaine hydrochloride; general 
anesthetics such as droperidol, etomidate, fencanyl citrate 
5 with droperidol, ketamine hydrochloride, methohexital sodiuxi 
and thiopental sodium; and radioactive particles or ions such 
as strontium, iodide rhenium and yttrium. 

In certain preferred embodiments, the therapeutic is a 
monoclonal antibody, such as a monoclonal antibody capable of 

10 binding to melanoma . antigen . 

Other preferred therapeutics include genetic material 
such as nucleic acids, RNA, and DNA, of either natural or 
synthetic origin, including recombinant RNA and DNA and 
an::isense RNA and DNA. Types of genetic material that may be 

15 used include, for example, genes carried on expression 
vectors such as plasmids, phagemids, cosmids, yeast 
artificial chromosomes (YACs) , and defective or "helper" 
viruses, antigene nucleic acids, both single and double 
stranded RNA and DNA and analogs thereof, such as 

2 0 phosphorothioate and phosphorodithioate 

oligodeoxynucleotides. Additionally, the genetic material 
may be combined, for example, with proteins or other 
polymers. 

Examples of genetic therapeutics that may be applied 
25 using the microspheres of the present invention include DNA 
encoding at least a portion of an HLA gene, DNA encoding at 
least a portion of dystrophin, DNA encoding at least a 
portion of CFTR, DNA encoding at least a portion of IL-2, DNA 
encoding at least a portion of TNF, an antisense 
30 oligonucleotide capable of binding the DNA encoding at least 
a portion of Ras. 

DNA encoding certain proteins may be used in the 
treatment of many different types of diseases. For examole, 
adenosine deaminase may be provided to treat ADA deficiency; 
35 tumor necrosis factor and/or interleukin-2 may be provided to 
treat advanced cancers; HDL receptor may, be provided to treat 
liver disease; thymidine kinase may be provided to treat 
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or some other property to the drug. In this form, the 
prodrugs are generally inactive, but once the chemical group 
has been cleaved from the prodrug, by heat, cavicaticn, 
pressure, and/or by enzymes in the surrounding environment cr 
5 otherwise, the active drug is generated. Such prodrugs are 
well described in the art, and comprise a wide variety .of 
drugs bound to chemical groups through bonds such as esters 
to short, medium or long chain aliphatic carbonates, 
hemiesters of organic phosphate, pyrophosphate, sulfate, 

10 amides, amino acids, azo bonds, carbamate, phosphamide, 
glucosiduronate, N-acetylglucosamine and /3-glucoside . 

Examples of drugs with the parent molecule and the 
reversible modification or linkage are as follows: 
convallatoxin with ketais, hydantoin with alkyl esters,- 

15 chlorphenesin with glycine or alanine esters, acetaminophen 
with caffeine complex, acetylsalicylic acid with THAM salt, 
acetylsalicylic acid with acetamidophenyl ester, naloxone 
with sulfate ester, 15-methylprostaglandin F^a with methyl 
ester, procaine with polyethylene glycol, erythromycin with 

20 alkyl esters, clindamycin with alkyl esters or phosphate 
esters, tetracycline with betaine salts, 7- 

acylaminocephalosporins with ring- substituted acyloxybenzyl 
esters, nandrolone with phenylproprionate decanoate esters, 
estradiol with enol ether acetal, methylprednisolone with 

25 acetate esters, testosterone with n-acetylglucosaminide 
glucosiduronate ( trimethylsilyl ) ether, Cortisol or 
prednisolone or dexamethasone with 21 -phosphate esters. 

Prodrugs may also be designed as reversible drug 
derivatives and utilized as modifiers to enhance drug 

30 transport to site-specific tissues. Examples of parent 
molecules with reversible modifications or linkages to 
influence transport to a site specific tissue and for 
enhanced therapeutic effect include isocyanate with haloalkyl 
nitrosurea, testosterone with propionate ester, methotrexate 

35 (3-5' -dichloromethotrexate) with dialkyl esters, cytosine 

arabinoside with 5'-acylate, nitrogen mustard (2 , 2 ' -dichloro- 
N-methyldiethylamine) , nitrogen mustard with aminomethyl 
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disulfide bond concaininc compounds are activated by 
cavitation and/or increased heating caused by the interaction 
of high energy sound with the gas-filled microspheres to 
.create cascades of free radicals from these prodrugs 
5 entrapped therein. A wide variety of drugs or chemicals may 
constitute these prodrugs, such as azo compounds, the general 
structure of such compounds being R-K=N-R, wherein R is a 
hydrocarbon chain, where the double bond between the two 
nitrogen atoms may react to create free radical products in 
10 vivo. 

Exemplary drugs or compounds which may be used to 
create free radical products include azo containing compounds 
such as azobenzene, 2 , 2 ' -azobisisobutyronitrile , 
azodicarbonamide , azolitmin, azomycin, azosemide, 

15 azosulf amide , azoxybenzene , aztreonam, sudan III, 

sulfachrysoidine, sulf amidochrysoidine and sulfasalazine, 
compounds containing disulfide bonds such as sulbentine, 
thiamine disulfide, thiolutin, thiram, compounds containing 
peroxides such as hydrogen peroxide and benzoylperoxide , 

20 2,2' -azobisisobutyronitrile, 2,2' -azobis (2-amidopropane ) 

dihydrochloride, and 2 , 2 ' -azobis (2 , 4 -dimethylvaleronitrile) . 

A gas-filled microsphere filled with oxygen gas should 
create extensive free radicals with cavitation. Also, metal 
ions from the transition series, especially manganese, iron' 
'25 and copper can increase the rate of formation of reactive 
oxygen intermediates from oxygen. By encapsulating metal 
ions within the microspheres, the formation of free radicals 
in vivo can be increased. These metal ions may be 
incorporated into the microspheres as free salts, as 

30 complexes, e.g., with EDTA, DTPA, DOTA or desf errioxamine , or 
as oxides of the metal ions. Additionally, derivatized 
complexes of the metal ions may be bound to lipid head 
groups, or lipophilic complexes of the ions may be 
incorporated into a lipid bilayer, for example. When exposed 

35 to thermal stimulation, e.g., cavitation, these metal ions 
then will increase the rate of formation of reactive oxygen 
intermediates. Further, radiosensitizers such as 
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galactose, glucose and other hexosaccharides and polymers 
derived from phosphorylated and sulfonated pentose and hexos 
sugars and sugar • alcohols . Carbohydrate polymers such as 
alginic acid, dextran, starch and HETA starch may also be 
5 used. Other natural polymers, such as hyaluronic acid, may 
be utilized. Synthetic polymers such as polyethylenegiyccl , 
polyvinylpyrrolidone, polylactide, polyethyleneimines (linea 
and branched) , polyionenes or polyiminccarboxylates may also 
be employed. 

10 Where the therapeutic encapsulated by the microspheres 

is negatively charged, such as genetic material, cat ionic 
lipids or perf luoroalkylated groups bearing cationic groups 
may be utilized to bind the negatively charged therapeutic. 
For example, cationic analogs of amphiphilic 

15 perf luoroalkylated bipyridines, as described in Garelli and 
Vierling, Biochiw. Biophys Acta, 1992 1127, 41-48, the 
disclosures of which are hereby incorporated herein by 
reference in their entirety, may be used. 

In general, negatively charged therapeutics such as 

2 0 genetic material may be bound to the hydrophilic headgroups 

of mixed micellar components, e.g., non-cationic lipid with 
cationic lipids, for example, DOTMA or stearylamine or 
substituted alkyl groups such as trimethylstearylamine . 
' Useful mixed micellar compounds include but are not limited 
25 to: lauryltrimethylammonium bromide (dodecyl-), 
cetyltrimethylammonium bromide (hexadecyl-) , 
myristyltrimethylammonium bromide ( tetradecyl - ) , 
alkyldimethylbenzylammonium chloride (alkyl = C,,, C^^, C.g, ) , 
benzyldimethyldodecylammonium bromide/chloride , 

3 0 benzyldimethylhexadecylammonium bromide/chloride, 

benzyldimethyltetradecylammonium bromide/chloride , 
cetyldimethylethylammonium bromide/chloride, or 
cetylpyridinium bromide/chloride . 

The size of drug containing liposomes can be adjusted 
35 if desired, by a variety of procedures including extrusion, 
filtration, sonication, homogenization, employing a laminar 
stream of a core of liquid introduced into an immiscible 
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tissue, smaller microspheres, between about 30 nanometers ar.d 
about 100 nanometers in mean outside diameter, are preferred. 

For embolization of a tissue such as the kidney or the 
lung, the microspheres are preferably less than about 20C 
5 microns in mean outside diameter. 

For intranasal, intrarectal or topical administration, 
the microspheres are preferably less than about 100 microns 
in mean outside diameter. 

Large microspheres, e.g., between 1 and 10 microns in 
10 size, will generally be confined to the intravascular space 
until they are cleared by phagocytic elements lining the 
vessels, such as the macrophages and Kuppfer cells lining 
capillary sinusoids. For passage to the cells beyond the 
sinusoids, smaller microspheres, for example, less than about 
15 a micron in diameter , e . g . , less than about 300 nanometers in 
size, may be utilized. 

In preferred embodiments, the microspheres are 
administered individually, rather than, for example, embedded 
in a matrix . 

20 Generally, the therapeutic delivery systems of the 

invention are administered in the form of an aqueous 
suspension such as in water or a saline solution {e.g., 
phosphate buffered saline) . Preferably, the water is 
sterile. Also, preferably the saline solution is an isotonic 

25 saline solution, although, if desired, the saline solution 
may be hypotonic (e.g., about 0.3 to about 0.5% NaCl). The 
solution may also be buffered, if desired, to provide a pH 
range of about pH 5 to about pH 7 . 4 . In addition, dextrose 
may be preferably included in the media. Further solutions 

30 that may be used for administration of gas -filled liposomes 
include, but are not limited to, almond oil, corn oil, 
cottonseed oil, ethyl oleate, isopropyl myristate, isopropyl 
palmitate, mineral oil, myristyl alcohol, octyl -dodecanol , 
olive oil, peanut oil, persic oil, sesame oil, soybean oil, 

3 5 and squalene . 

For storage prior to use, the microspheres of the 
present invention may be suspended in an aqueous solution, 
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enhanced. The therapeutic material is thereby released frcir. 
the microspheres and surprisingly delivered into the cells. 
Although not intending to be bound by any particular theory 
of operation, it is believed that the thermal and kinetic 
5 energy created at the site of the cell enhances cellular 
uptake of the therapeutic. 

The route of administration of the microspheres will 
vary depending on the intended use. As one skilled in the 
art would recognize, administration of therapeutic delivery 

10 systems of the preseni. invention may be carried out in 
various fashions, such as intravascularly, 
intralymphatically , parent erally, subcutaneously, 
intramuscularly, intranasal ly, intrarectally , 
intraperitoneally , interstitially , into the airways via 

15 nebulizer, hyperbarically , orally, topically, or 

intratumorly , using a variety of dosage forms. One preferred 
route of administration is intravascularly. For 
intravascular use, the therapeutic delivery system is 
generally injected intravenously, but may be injected 

20 intraarterially as well. The microspheres of the invention 
may also be injected interstitially or into any body cavity. 

The delivery of therapeutics from the microspheres of 
the present invention using ultrasound is best accomplished 
for tissues which have a good acoustic window for the 

25 transmission of ultrasonic energy. This is the case for most 
tissues in the body such as muscle, the heart, the liver and 
most other vital structures. In the brain, in order to 
direct the ultrasonic energy past the skull a surgical window 
may be necessary. 

3 0 The useful dosage to be administered and the mode of 

administration will vary depending upon the age, weight, and 
type of animal to be treated, and the particular therapeutic 
application intended. Typically, dosage is initiated at 
lower levels and increased until the desired therapeutic 

35 effect is achieved. 

For in vitro use, such as cell culture applications, 
the gas-filled microspheres may be added to the cells in 
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upon aggregation of a gas- filled lipid microsphere with the 
lipids lining the targeted tissue. Additionally, the gas- 
filled lipid microspheres may burst after administration 
without the use of ultrasound. Thus, ultrasound need not be 
5 applied to release the drug in the above type of 
administration. 

Further, the gas-filled microspheres of the invention 
are especially useful for therapeutics that may be degraded 
in aqueous media or upon exposure to oxygen and/or 

10 atmospheric air. For example, the microspheres may be fille 
with an inert gas such as nitrogen or argon, for use with 
labile therapeutic compounds. Additionally, the gas- filled 
microspheres may be filled with an inert gas and used to 
encapsulate a labile therapeutic for use in a region of a 

15 patient that would normally cause the therapeutic to be 

exposed to atmospheric air, such as cutaneous and ophthalmic 
applications . 

The gas-filled microspheres are also especially useful 
for transcutaneous delivery, such as a patch delivery system 

20 The use of rupturing ultrasound may increase transdermal 

delivery of therapeutic compounds. Further, a mechanism may 
be used to monitor and modulate drug delivery. for example, 
diagnostic ultrasound may be used to visually monitor the 
bursting of the gas-filled microspheres and modulate drug 

2 5 delivery and/or a hydrophone may be used to detect the sound 
of the bursting of the gas- filled microspheres and modulate 
drug delivery. 

The echogenicity of the microspheres and the ability 
to rupture the microspheres at the peak resonant frequency 

30 using ultrasound permits the controlled delivery of 
therapeutics to a region of a patient by allowing the 
monitoring of the microspheres following administration to a 
patient to determine the presence of microspheres in a 
desired region, and the rupturing of the microspheres using 

35 ultrasound to release the therapeutics in the region. 

Preferably, the microspheres of the invention possess 
a reflectivity of greater than 2 dB, preferably between abou 
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frequency, the efficiency of rupcure and therapeutic release 
is improved, appreciable tissue heating does noz generally 
occur (frequently no increase in temperature above about 
2°C) , and less overall energy is required. Thus, application 
5 of ultrasound at the peak resonant frequency, while not 
required, is most preferred. 

Any of the various types of, diagnostic ultrasound 
imaging devices may be employed in the practice of the 
invention, the particular type or model of the device not 

10 being critical to the method of the invention. Also suitable 
are devices designed for administering ultrasonic 
hyperthermia, such devices being described in U.S. Patent 
Nos. 4,620,546, 4,658,828, and 4,586,512, the disclosures of 
each of which are hereby incorporated herein by reference in 

15 their entirety. Preferably, the device employs a resonant 
frequency (RF) spectral analyzer. The transducer probes may 
be applied externally or may be implanted. Ultrasound is 
generally initiated at lower intensity and duration, 
preferably at peak resonant frequency, and then intensity, 

20 time, and/or resonant frequency increased until the 
microsphere ruptures. 

Although application of the various principles will be 
readily apparent to one skilled in the art, once armed with 
the present disclosure, by way of general guidance, for gas- 

25 filled microspheres of about 1.5 to about 10 microns in mean 
outside diameter, the resonant frequency will generally be in 
the range of about 1 to about 10 megahertz. By adjusting the 
focal zone to the center of the target tissue (e.g., the 
tumor) the gas-filled m.icrospheres can be visualized under 

30 real time ultrasound as they accumulate within the target 
tissue. Using the 7.5 megahertz curved array transducer as 
an example, adjusting the power delivered to the transducer 
to maximum and adjusting the focal zone within the target 
tissue, the spatial peak temporal average (SPTA) power will 

3 5 then be a maximum of approximately 5.31 mW/cm^ in water. 
This power will cause some release of therapeutic from the 
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for monitoring the gas-filled microspheres but are 
insufficient to rupture the gas-filled microspheres of the 
present invention . 

Table II 

5 Power and Intensities Produced by Diagnostic Equipment* 



Pulse repetition 
rate (Hz) 


Total ultrasonic 
power output ? (mW) 


Average Intensity ■ 
at transducer face 
(W/m=) 


520 


4.2 


32 


676 


9.4 


71 


806 


6.8 


24 


1000 


14 .4 


51 


153 8 


2.4 


8.5 



* Values obtained from Carson et al . Ultrasound in Med. ^ 



Biol. 1978 3, 341-350, the disclosures of which are hereby 
15 incorporated by reference in their entirety. 

Higher energy ultrasound such as commonly employed in 
therapeutic ultrasound equipment is preferred for activation 
of the gas-filled microspheres. In general, therapeutic 
ultrasound machines employ as much as 50% to 100% duty cycles 

20 dependent upon the area of tissue to be heated by ultrasound. 
Areas with larger amounts of muscle mass (i.e., backs, 
thighs) and highly vascularized tissues such as heart may 
require the larger duty cycle, e.g., 100%. 

In diagnostic ultrasound, which may be used to monitor 

25 the location of the gas-filled microspheres, one or several 
pulses of sound are used and the machine pauses between 
pulses to receive the reflected sonic signals. The limited 
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probes or intravascular ultrasound catheters may be 
preferred. 

In a most preferred embodiment, the present invention 
provides novel liposomal drug delivery system.s. 
5 Various methods for preparing the gas- filled 

therapeutic containing microspheres of the present invention 
will be readily apparent to those skilled in the art, cnce- 
armed with the present disclosure. Preferred methods for 
preparing the microspheres are discussed below in connection 

10 with the preferred liposomal drug delivery systems. 

Specifically, in a preferred embodiment, a method for 
preparing a targeted drug delivery system comprising gas- 
filled liposomes of the subject invention comprises the steps 
of shaking an aqueous solution, comprising a lipid,, in the 

15 presence of a gas at a temperature below the gel to liquid 

crystalline phase transition temperature of the lipid to form 
gas -filled liposomes, and adding a therapeutic compound. In 
another preferred embodiment, a method for preparing a 
targeted drug delivery system comprising gas- filled liposomes 

20 of the subject invention comprises the step of shaking an 
aqueous solution comprising a lipid and a therapeutic 
compound in the presence of a gas at a temperature below the 
gel to liquid crystalline phase transition temperature of the 
•'lipid. In other embodiments,- methods for preparing a 

25 'targeted therapeutic drug delivery system comprising • gas - 
filled liposomes comprise the steps of shaking an aqueous 
solution, comprising a lipid and a therapeutic compound, in 
the presence of a gas, and separating the resulting gas- 
filled liposomes for therapeutic use. Liposomes prepared by 

30 the foregoing methods are referred to herein as gas-filled 
liposomes prepared by a gel state shaking gas installation 
method and comprising a therapeutic compound, or as 
therapeutic containing gel state shaken gas instilled 
liposomes . 

35 Thus, a preferred method of the present invention 

provides for shaking an aqueous solution comprising a lipid 
and a therapeutic compound in the presence of a gas. 
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Shaking, as used here-'n • . 
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even more preferably, T:he final vclune of the foan?. is at 
least about four times the initial volume of the aqueous 
solution; and most preferably, ail of the aqueous lipid 
solution is converted to foam. 
5 The required duration of shaking time may be 

determined by detection of the formation of foam. For 
example, 10 ml of lipid solution in a 50 ml centrifuge tube 
may be vortexed for approximately 15-20 minutes or until the 
viscosity of the gas-filled liposomes becomes sufficiently 
10 thick so that it no longer clings to the side walls as it is 
swirled. At this time, the foam may cause the solution 
containing the gas-filled liposomes to raise to a level cf 30 
to 35 ml . 

The concentration of lipid required to form a 

15 preferred foam level will vary depending upon the type of 
lipid used, and may be readily determined by one skilled in 
the art, once armed with the present disclosure. For 
example, in preferred embodiments, the concentration of 1,2- 
dipalimitoyl -phosphatidylcholine (DPPC) used to form gas- 

20 filled liposomes according to the methods of the present 
invention is about 20 mg/ml to about 30 mg/ml saline 
solution. The concentration of distearoylphosphatidylcholine 
(DSPC) used in preferred embodiments is about 5 mg/ml to 
about 10 mg/ml saline solution. 

25 Specifically, DPPC in a concentration of 20 mg/ml to 

3 0 m.g/m.l, upon shaking, yields a total suspension and 
entrapped gas volume four times greater than the suspension 
volume alone. DSPC in a concentration of 10 mg/ml, upon 
shaking, yields a total volume completely devoid of any 

30 liquid suspension volume and contains entirely foam. 

It will be understood by one skilled in the art, once 
armed with the present disclosure, that the lipids or 
liposomes may be manipulated prior and subsequent to being 
subjected to the methods of the present invention. For 

3 5 example, the lipid may be hydrated and then lyophilized, 

processed through freeze and thaw cycles, or simply hydrated. 
In preferred embodiments, the lipid is hydrated and then 
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srate to liquid crystalline state phase transition 
temperature of the lipid employed is higher than room 
cemperature, the temperature of the container may be 
regulated, for example, by providing a cooling mechanism tc 
5 cool the container holding the lipid solution. 

Conventional, aqueous-filled liposomes are routinely 
formed at a temperature above the gel to liquid crystalline 
phase transition temperature of the lipid, since they are 
more flexible and thus useful in biological systems in the 

10 liquid crystalline state. See, for example, Szoka and 

Papahadjopoulos, Proc. Natl. Acad. Sci. 1978 75, 4194-41S8. 
In contrast, the liposomes made according to preferred 
embodiments of the methods of the present invention are gas- 
filled, which imparts greater flexibility since gas is more 

15 compressible and compliant than an aqueous solution. Thus, 
the gas-filled liposomes may be utilized in biological 
systems when formed at a temperature below the phase 
transition temperature of the lipid, even though the gel 
phase is more rigid. 

2 0 A preferred apparatus for producing the therapeutic 

containing gas-filled liposomes using a gel state shaking gas 
instillation process is shown in Figure 9. A mixture of 
lipid and aqueous media is vigorously agitated in the process 
of gas installation to produce gas-filled liposomes, either 

25 by batch or by continuous feed. Referring to Figure 9, dried' 
lipids 51 from a lipid supply vessel 50 are added via conduit 
59 to a mixing vessel 66 in either a continuous flow or as 
intermittent boluses. If a batch process is utilized, the 
mixing vessel 66 may comprise a relatively small container 

30 such as a syringe, test tube, bottle or round bottom flask, 
or a large container. If a continuous feed process is 
utilized, the mixing vessel is preferably a large container, 
such as a vat . 

The therapeutic compound may be added, for example, 

35 before the gas installation process. Referring to Figure 9, 
the therapeutic compound 41 from a therapeutic compound 
supply vessel 40 is added via conduit 42 to a mixing vessel 
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be conrinued until a prederermined volume cf foax has beer, 
produced . 

In a preferred embodiment of the apparatus for making 
gas- filled liposomes in which the lipid employed has a gel tc 
5 liquid crystalline phase transition temperature below room 
temperature, a means for cooling the aqueous lipid sclu-ion 
74 is provided. In the embodiment shown in Figure 9; cooling 
is accomplished by means of a jacket 64 disposed around the 
mixing vessel 66 so as to form an annular passage surrounding 

10 the vessel. As shown in Figure 9, a cooling fluid 63 is 
forced to flow through this annular passage by means of 
jacket inlet and outlet ports 62 and 63, respectively. By 
regulating the temperature and flow rate of the cooling fluid 
62, the temperature of the aqueous lipid solution 74 can be 

15 maintained at the desired temperature. 

As shown in Figure 9, a gas 55, which may be air or 
another gas, such as nitrogen or argon, is introduced into 
the mixing vessel 66 along with the aqueous solution 74. Air 
may be introduced by utilizing an unsealed mixing vessel so 

2 0 that the aqueous solution is continuously exposed to 

environmental air. In a batch process, a fixed charge of 
local ambient air may be introduced by sealing the mixing 
vessel 66. If a gas heavier than air is used, the container 
need not be sealed. However, introduction of gases that are 
25 not heavier than air will require that the mixing vessel be 
sealed, for example by use of a lid 65, as shown in Figure 9. 
Whether the gas 55 is air or another gas, it may be 
pressurized in the mixing vessel 66, for example, by 
connecting the mixing vessel to a pressurized gas supply tank 

3 0 54 via a conduit 57, as shown in Figure 9. 

After the shaking is completed, the gas-filled 
liposome containing foam 73 may be extracted from the mixing 
vessel 66. Extraction may be accomplished by inserting the 
needle 102 of a syringe 100, shown in Figure 10, into the 
3 5 foam 73 and drawing a predetermined amount of foam into the 
barrel 104 by withdrawing the plunger 106. As discussed 
further below, the location at which the end of the needle 
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vessel 66. Aluernauively , or in addition to the excracticr. 
tube filter 12, gas-filled liposome sizing may be 
accomplished by m.eans of a filter 80 incorporated into the 
conduit 79 that directs the gas-filled liposomes 77 from the 
5 extraction vessel 76 to the vials 82, as shown in Figure 9. 
The filter 80 may contain a cascade filter assembly 124., such 
as that shown in Figure 12. The cascade filter assembly. 124 
shown in Figure 12 comprises two successive filters 116 and 
120, with filter 120 being disposed upstream of filter 116. 

10 In a preferred embodiment, the upstream filter 120 is a 

"NUCLEPORE" 10 filter and the downstream filter 116 is a 
"NUCLEPORE" 8 ixx^ filter. Two 0.15 mm metallic mesh discs 115 
are preferably installed on either side of the filter 115. 
In a preferred embodiment, the filters 116 and 120 are spaced 

15 apart a minimum of 150 ^m by means of a Teflon'*' 0-ring, IIS. 
In addition to filtering, sizing may also be 
accomplished by taking advantage of the dependence of gas- 
filled liposome buoyancy on size. The gas-filled liposomes 
have appreciably lower density than water and hence will 

20 float to the top of the mixing vessel 66. Since the largest 
liposomes have the lowest density, they will float most 
quickly to the top. The smallest liposomes will generally be 
last to rise to the top and the non gas- filled lipid portion 
will sink to the- bottom. This phenomenon may be 

25 advantageously used to size the gas-filled liposomes by 

removing them from* the mixing vessel 66 via a differential 
flotation process. Thus, the setting of the vertical 
location of the extraction tube 66 within the mixing vessel 
66 may control the size of the gas-filled liposomes 

30 extracted; the higher the tube, the larger the gas- filled 
liposomes extracted. Moreover, by periodically or 
continuously adjusting the vertical location of the 
extraction tube 67 within the mixing vessel 66, the size of 
the gas- filled liposomes extracted may be controlled on an 

35 on-going basis. Such extraction may be facilitated by 

incorporating a device 68, which may be a threaded collar 71 
mating with a threaded sleeve 72 attached to the extraction 
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from the extraction vessel 76 without filcration or because 
further filtration is desired, the syringe 100 may be fitted 
with its own filter 108, as shown in Figure 10. This results 
in the gas- filled liposomes being sized by causing them to be 
5 extruded through the filter 108 by the action of the plunger 
106 when the gas-filled liposomes are injected. Thus, *the 
gas-filled liposomes may be sized and injected into a patient 
in one step. 

As shown in Figure 11, a cascade filter housing 110 
10 may be fitted directly onto a syringe 112, thereby allowing 
cascade filtration at the point of use. As shown in Figure 
12, the filter housing 110 is comprised of a cascade filter 
assembly 124, previously discussed, incorporated between a 
lower collar 122, having male threads, and a female collar 
15 114, having female threads. The lower collar 122 is fitted 
with a Luer lock that allows it to be readily secured to the 
syringe 112 and the upper collar 114 is fitted with a needle 
102 . 

In preferred embodiments, the lipid solution is 
20 extruded through a filter and the lipid solution is heat 

sterilized prior to shaking. Once gas-filled liposomes are 
formed, they may be filtered for sizing as described above. 
These steps, prior to the formation of gas-filled liposomes 
provide the advantages, for example, of reducing the amount' 
'25 of unhydrated lipid and thus providing a significantly higher 
yield of gas-filled liposomes, as well as and providing 
sterile gas- filled liposomes ready for administration to a 
patient. For example, a mixing vessel such as a vial or 
syringe may be filled with a filtered lipid suspension, and 
30 the solution may then be sterilized, within the mixing vessel, 
for example, by autoclaving. Gas may be instilled into the 
lipid suspension to form gas-filled liposomes by shaking the 
sterile vessel. Preferably, the sterile vessel is equipped 
with a filter positioned such that the gas-filled liposomes 
35 pass through the filter before contacting a patient. 

The first step of this preferred method, extruding the 
lipid solution through a filter, decreases the amount of 
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through a lO/^rr. "NUCLEPORE" filter, resulting in a uniform 
size around 10 /im. 

Certain embodiments of the present invention are 
directed to drug delivery systems comprising gas-filled 
5 liposomes prepared by vacuum drying gas instillation methods 
and having encapsulated therein a therapeutic (that is, drug 
containing), such liposomes sometimes being referred to • 
herein as drug containing vacuum dried gas instilled 
liposomes. The present invention is further directed to drug 
10 delivery systems comprising drug containing gas-filled 
liposomes substantially devoid of liquid in the interior 
thereof . 

This method for preparing the liposomes of the subject 
invention comprises: (i) placing liposomes encapsulating a 

15 drug under negative pressure; (ii) incubating the liposomes 
under the negative pressure for a time sufficient to remove 
substantially all liquid from the liposomes; and (iii) 
instilling selected gas into the liposomes until ambient 
pressures are achieved. Methods employing the foregoing 

20 steps are referred to herein as the vacuum drying gas 

instillation methods for preparing drug containing liposomes. 
Apparatus is also provided for preparing the liposomes 
■ of the invention using the vacuum drying gas instillation 
■methods, said apparatus comprising: (i) a vessel containing 

25 liposomes having encapsulated therein a drug; (ii) means for 
applying negative pressure to the vessel to draw liquid from 
the liposomes contained therein; (iii) a conduit connecting 
the negative pressurizing means to the vessel, the conduit 
directing the flow of said liquid; and (iv) means for 

30 introducing a gas into the liposomes in the vessel. 

The vacuum drying gas instillation method employed to 
prepare both the subject gas-filled liposomes prepared by the 
vacuum drying gas instillation method, and the gas- filled 
liposomes substantially devoid of liquid in the interior 

3 5 thereof, contemplates the following process. First, in 
accordance with the process, the drug containing liposomes 
are placed under negative pressure (that is, reduced pressure 
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abiliry of the liposomes during the vacuux drying gas 
instillation process to fill with gas and resume their 
original circular shape, rather than irreversibly collapse 
into a cup- like shape. 

The echogenicity of the liposomes and the ability to 
rupture the liposomes at the peak resonant frequency using 
ultrasound permits the controlled delivery of drugs tc a . 
region of a patient by allowing the monitoring of the 
liposomes following administration to a patient to determine 
the presence of liposomes in a desired region, and the 
rupturing of the liposomes using ultrasound to release the 
drugs in the region. Preferably, the liposomes of the 
invention possess a reflectivity of greater than 2 d3, 
preferably between about 4 dB and about 20 dB . Within these 
15 ranges, the highest reflectivity for the liposomes of the 
invention is exhibited by the larger liposomes, by higher 
concentrations of liposomes, and/or when higher ultrasound 
frequencies are employed. See Figure 13, which is a 
graphical representation of the dB reflectivity of gas-filled 
20 liposomes substantially devoid of liquid in the interior 
thereof prepared by the vacuum drying gas instillation 
method, without any drugs encapsulated therein. Preferably, 
the. liposomes of the invention have a peak resonant frequency 
of- between about 0.5 mHz and about 10 mHz . Of course, the • 
25 peak resonant frequency of the gas-filled liposomes of the 
invention will vary depending on the diameter and, to some 
extent, the elasticity of the liposomes, with the larger and 
more elastic liposomes having a lower resonant frequency than 
the smaller and more elastic liposomes. 
30 The stability of the liposomes of the invention is 

also of great practical importance. The subject liposomes 
tend to have greater stability during storage than other gas- 
filled liposomes produced via known procedures such as 
pressurization or other techniques. At 72 hours after 
3 5 formation, for example, conventionally prepared gas 

containing liposomes often are essentially devoid of gas, the 
gas having diffused out of the liposomes and/or the liposomes 
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Liposomes may be prepared prior to gas installation 
using any one of a variety of conventional liposome 
preparatory techniques which will be apparent to those 
skilled in the art. These techniques include freeze- thaw, as 
5 well as techniques such as sonication, chelate dialysis, 
homogenization, solvent infusion, microemulsif icat ion , 
spontaneous formation, solvent vaporization, French pressure 
cell technique, controlled detergent dialysis, and others, 
each involving preparing the liposomes in various fashions in 

10 a solution containing the desired therapeutic so that the 

therapeutic is encapsulated in, enmeshed in, or attached the 
resultant liposome. Alternatively, therapeutics may be 
loaded into the liposomes using pH gradient techniques which, 
as those skilled in the art will recognize, is particularly 

15 applicable to therapeutics which either proteinate or 

deproteinate at a particular pH. 5ee, e.g., Madden et al . , 
Chemistry and Physics of Lipids, 1990 53, 37-46, the 
disclosures of which are hereby incorporated herein by 
reference in their entirety, 

2 0 To prepare the drug containing liposomes for vacuum 

drying gas installation, and by way of general guidance, 
dipalmitoylphosphatidylcholine liposomes, for example, may be 
prepared by suspending dipalmitoylphosphatidylcholine lipids 
in phosphate buffered saline or water ' containing the drug to 

25 be encapsulated, and heating the lipids to about 50°C, a 
temperature which is slightly above the 41 °C temperature 
required for transition of the dipalmitoylphosphatidylcholine 
lipids from a gel state to a liquid crystalline state, to 
form drug containing liposomes. 

30 To prepare multilamellar vesicles of a rather 

heterogeneous size distribution of around 2 microns, the 
liposomes may then be mixed gently by hand while keeping the 
liposome solution at a temperature of about 50 °C. The 
temperature is then lowered to room, temperature, and the 

35 liposomes remain intact. Extrusion of 

dipalmitoylphosphatidylcholine liposomes through 
polycarbonate filters of defined size may, if desired, be 
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conditions) . Negative pressure is then applied for a time 
sufficient to remove substantially all liquid fron the 
liposomes, thereby resulting in substantially dried 
liposomes. As those, skilled in the art would recognize, once 
5 armed with the present disclosure, various negative pressures 
can be employed, the important parameter being that • 
substantially all of the liquid has been removed from the 
liposomes. Generally, a negative pressure- of at least about 
700 mm Hg and preferably in the range of between about 700 mm 

10 Kg and about 76 0 mm Hg (gauge pressure) applied for abcu. 24 
to about 72 hours, is sufficient to remove substantially all 
of the liquid from the liposomes. Other suitable pressures 
and time periods will be apparent to those skilled in the 
art, in view of the disclosures herein. 

15 Finally, a selected gas is applied to the liposomes to 

instill the liposomes with gas until ambient pressures are 
achieved, thereby resulting in the drug containing vacuum 
dried gas instilled liposomes of the invention, and in the 
drug containing gas-filled liposomes substantially devoid of 

20 liquid in the interior thereof. Preferably, gas instillation 
occurs slowly, that is, over a time period of at least about 
4 hours, most preferably over a time period of between about 
' 4 and about 8 hours . 

Various biocompatible gases may be employed. Such 

25 gases- include air, nitrogen, carbon dioxide, oxygen, argon, 
xenon, neon, helium, or any and all combinations thereof. 
Other suitable gases will be apparent to those skilled in the 
art, the gas chosen being only limited by the proposed 
application of the liposomes. 

30 The above described method for production of liposomes 

is referred to hereinafter as the vacuum drying gas 
instillation process. 

If desired, the liposomes may be cooled, prior to 
subjecting the liposomes to negative pressure, and such 

35 cooling is preferred. Preferably, the liposomes are cooled 
to below O^C, more preferably to between about -10®C and 
about -20°C, and most preferably to -10®C, prior to 
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include an ice bath 5 containing cry ice 17 surrounding the 
vessel 8. The ice bath 5 and dry ice 17 allow the liposomes 
to be cooled to below 0°C. A vacuum' pump 1 is connected to 
the vessel 8 via a conduit 15 for applying a sustained 
5 negative pressure to the vessel. In the preferred 

embodiment, the pump 1 is capable of applying a negative 
pressure of at least about 700 mm. Hg,.and preferably a 
negative pressure in the range of about 700 mm Hg to about 
760 mm Hg (gauge pressure) . A manometer 6 is connected to 

10 the conduit 15 to allow monitoring of the negative pressure 
applied to the vessel 8. 

In order to prevent liquid removed from the liposomes 
from entering the pump 1, a series of traps are connected to 
the conduit 15 to assist in collecting the liquid (and liquid 

15 vapor, all collectively referred to herein as liquid) drawn 
from the liposomes. In a preferred embodiment,, two traps are 
utilized. The first trap is preferably comprised of a flask 
7 disposed in an ice bath 4 with dry ice 17. The second trap 
is preferably comprised of a column 3 around which tubing 16 

20 is helically arranged. The column 3 is connected to the 

conduit 15 at its top end and to one end of the tubing lo at 
its bottom end. The other end of the tubing 16 is connected 
to the conduit 15. As shown in Figure 14, an ice bath 2 with 
dry- ice 17 surrounds the column 3 and tubing 16. If desired, 

25 dry ice 17 can be replaced with liquid nitrogen, liquid air 
or other cryogenic material. The ice baths 2 and 4 assist in 
collecting any liquid and condensing any liquid vapor drawn 
from the liposomes for collection in the traps. In preferred 
embodiments of the present invention the ice traps 2 and 4 

30 are each maintained, at a temperature of least about -70®C. 

A stopcock 14 is disposed in the conduit 15 upstream 
of the vessel 8 to allow a selected gas to be introduced into 
the vessel 8 and into the liposomes 19 from gas bottle 18. 
Apparatus of the present invention are utilized by 

35 placing the drug containing liposomes 19 into vessel 8. In a 
preferable embodiment, ice bath 5 with dry ice 17 is used to 
lower the temperature of the liposomes to below 0®C, more 
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The gas- filled liposomes prepared according zo the 
methods of the present invention are believed co differ fron 
the liposomes of the prior art in a number of respects, both 
in physical and in functional characteristics. For example, 
5 the liposomes of the invention are substantially devoid of 
liquid in the interior thereof. By definition, liposomes in 
the prior art have been characterized by the presence of an 
aqueous medium. See, e.g., Dcrland' s Illustrated Medical 
Dictionary, p. 946, 27th ed. (W.B. Saunders Company, 

10 Philadelphia 1988) . Moreover, the present liposomes 

surprisingly exhibit intense echogenicity on ultrasound, are 
susceptible to rupture upon application of ultrasound at the 
peak resonant frequency of the liposomes, and possess a long 
storage life, characteristics of great benefit to the use of 

15 the liposomes as drug delivery systems. 

Thus the invention contemplates methods for the 
controlled delivery of drugs to a region of a patient 
comprising: (i) administering to the patient the gas- filled 
liposomes prepared by vacuum drying gas instillation methods 

20 and having encapsulated therein a drug, and/or gas-filled 
liposomes substantially devoid of liquid in the interior 
thereof and having encapsulated therein a drug; (ii) 
monitoring the liposom.es using ultrasound to determine the 
presence of the liposomes in the region'; and (iii) rupturing 

25 the liposomes using ultrasound to release the drugs in the 
region . 

There are various other applications for liposomes of 
the invention, beyond those described in detail herein. Such 
additional uses, for example, include such applications as 

30 hyperthermia potentiators for ultrasound and as contrast 
agents for ultrasonic imaging. Such additional uses and 
other related subject matter are described and claimed in 
Applicant's patent applications, U.S. Serial No. 716,793 and 
U.S. Serial No. 717,084, both of which were filed June 18, 

35 1991, the disclosures of each of which are incorporated 
herein by reference in their entirety. 
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Device (Lipex Biomembranes , Vancouver, Canada) at: 500 p.s.i. 
The resulting liposomes were then dried under reduced 
pressure as described in U.S. Serial Number 715,699, filed 
6/18/51, which is hereby incorporated by reference in irs 
5 entirety. After thorough drying the dried liposomes were 
then slowly filled with nitrogen gas, as described in U.S. 
Serial Number 716,899. After equilibration with ambient 
pressure, the resulting liposomes were suspended in saline 
solution (0.9% NaCl) and shaken vigorously. 

10 The resulting gas-filled liposomes were then tested 

for size by Coulter Counter (Bedfordshire, England) . The 
machine was calibrated using the calibration procedure 
described in the reference manual supplied with the Coulter 
Counter. The gas -filled liposome solution was diluted with 

15 Isoton II and placed in a glass container and was stirred at 
the 3 position of the Coulter Sampling Stand. 

A 100 ^m aperture tube was used first. With this 
aperture tube, 500 microliters of solution was tested at a 
time for each of the selected size ranges. The next size 

2 0 aperture tube that was used was a 30 /xm aperture tube. 

Microspheres can be- sized down to about 1 /zm with this tube, 
in which the mean diameter of the gas-filled microspheres was 
detected . 

50 microliters of solution were tested at a time and 
25 microspheres were counted for each of the size ranges 

selected. Data was collected on both the Coulter Counter 
model ZM and the Coulter Counter Channelyzer 256. Quasi- 
elastic light scattering (QEL) and light microscopy were also 
used. Latex beads with predeterm.ined sizes were used to 
30 calibrate the grids in the ocular lens. These grids were 
calibrated for each of the magnifications of lOX, 40X, lOOX, 
400X, and lOOOX. The gas-filled microspheres were then 
placed on the glass slide and viewed under different 
magnifications. This technique results in sizing not only of 
35 gas-filled liposomes, but also lipid particles. 

The gas-filled liposomes were scanned by sonic energy 
using both an Acoustic Imaging Model 5200 clinical ultrasound 



wo 94/2SS73 

PCT/US94/05620 • 

- cust=„,„u, bench t J 1""!°-°^"= ^-e„i., , . 

"^^^^a™, Ma.a,, Pa„a J.^T;"^^-"™- '--„a» " i,! 
f"^e„cu. Of ..,s, 3.5, 7 „ 

IPanamstrics, i„c., b^,,. '"^ Md lo.o MH^ 

set in t-;.- thus rh^ 

filled liposomes remain. ^^^iectivity of th» 

^"^-d sound used "1 """^"^ highej. en 

^-eguencies tested c ^^P^-i-ents over tl °' 

^i^-Led liposomes remain. ^^^lectivity o- ^^, 

scanning for ■ ^""^^"^ constant desn-i ^ 

Table in 

(minutes) ^^T^^^^SS^^^^a^ires 



-34.1 
-36.0 
-36.2 
-36.8 
-37.1 



wo 94/28873 



PCT*a;S94/05620 



- 63 - 

Solutions of gas-filled liposomes were also subjected 
to continuous wave ultrasound energy (Table IV} applied with 
a Rich-Mar Therapeutic ultrasound apparatus model RM-25 
(Rich-Mar Corp., Inola, OK), Table IV demonstrates the power 
5 produced using continuous wave ultrasound. It was found that 
continuous wave energy of sound caused the gas inside the 
gas-filled liposomes to escape from the liposomes, thus . 
rupturing the liposomes. It took approximately 20-3 0 minutes 
to completely destroy the gas-filled liposomes in a solution 

10 of saline at 5 watts of power and at 1 MHz. It took 

approximately 5 minutes to destroy the gas-filled liposomes 
at 10 watts and at 1 MHz. When the gas -filled liposomes were 
examined by light microscopy before and after application of 
high energy ultrasound the spherical shape of the gas- filled 

15 liposomes disappeared after exposure. 



Table IV 

Power Output and Intensity o£ Continuous Wave Ultrasotind 





Total ultrasonic 
power output P 
(mW) 


Average Intensity 
at transducer 
face I-^ {W/m=) 


Continuous wave 


5000 


9867 


Continuous wave 


10000 


1973 



20 Gas-filled microspheres were then tested for their 

ability to deliver DNA in a series of experiments. Liposomes 
were prepared from DPPC as described above except that 2 ^g 
of DNA on a 7000 bp plasmid (pCHllO: Pharmacia LKB 
Biotechnology, Piscataway, NJ) , in 1 cc of normal saline were 

25 added during resuspension of the dried DPPC. Gas-filled 
liposomes were then prepared as described above. After 
resuspension of the gas -filled liposomes, external 
unentrapped DNA was removed by affinity chromatography. The 
suspension of gas-filled liposomes and DNA was eluted through 

30 a column (DNA specific Sephadex®) using a peristaltic pump 
(Econopump, Bio-Rad Laboratories, Hercules, CA) . The DNA 
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2x10'' K in DMSO was added zc each 2 ml sample after the 
ultrasound was applied in order to detect released DMA. As a 
control, 14 ^1 of propidium iodide was added to ?3S alcne, 
and to .02 5 ^g/ml DNA in PBS. 
5 Samples were measured for fluorescence in a Spex 

rluorolog 2 Spectrophotometer using an excitation frequency 
of 534 nm. The emissions were recorded at 558 nm as ■ 
indicated in Table V below. A percentage of the relative 
amount of DNA found in each sample was determined by 
10 extrapolation based upon the control PBS sample, which 
consisted of the propidium iodide dimer in PBS. 



Table V 



Sample 


Fluorescence {% DNA) 


1st wash 


58885 (45%) 


2nd wash 


40314 (17%) 


3rd wash 


33195 (7%) 


4th wash 


30062 (8%) 


5th wash 


34336 (21%) 


Ultrasound exposed sample 


43051 (21%) 


Control - PBS alone 


28878 


Control - PBS + DNA 


50563 



The wash cycles served to remove any unbound DNA. As 
illustrated in Table V above, after five wash cycles, the 
gas-filled microspheres still contained about 21% plasmid 
25 DNA. 

Gas-filled liposomes containing DNA not exposed to 
high energy ultrasound retained a substantial amount of their 
DNA internally as indicated by the absence of an appreciable 
increase in fluorescence from propidium iodide dimer. After 
30 exposure to continuous wave ultrasound, however, the 

fluorescence from propidium iodide was markedly increased 
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for packaging gas within the microsphere. By making an 
effectively larger diameter, the microsphere will generally 
be more effective at utilizing the sound energy to release 
the genetic material. 
5 ■ It is believed that cationic lipids binding DNA 

Drovide an advantage, for example, since once sonic energy 
has disrupted the membrane of the liposome, the hydrophobic ■ 
groups help the DNA to integrate into cells- aiding passage 
through cell membranes and subcellular compartments. 

10 The cationic lipids described above also have an 

advantage of neutralizing the negative charge of DNA and 
amphipathicity . When these cationic lipids are released from 
the liposomes, since the lipids are amphiphilic and the cell 
membrane is soluble, they tend to facilitate passage cf the 

15 DNA into cells as well as through subcellular compartments. 

Example 3 

Liposomes composed of a 1:2 molar ratio of DOTMA and 
DPPC are prepared and coated with DNA encoding an HLA (major 
histocompatibility complex) gene, HLA-B7. The DNA-coated 

20 liposomes are injected intravenously into a patient with 

metastatic melanoma involving the soft tissues. Continuous 
wave 1.0 megahertz ultrasound energy is applied to the , soft 
tissues so that the KLA-B7 DNA accumulates in the* tumor. It 
i6 believed that some of the tumor cells would then 

25 transfected by the HLA-B7 gene, resulting in an immune 

response which may stimulate the patient's T cells to reject 
the tumor. 

Example 4 

Anti-sense oligonucleotides to the Ras oncogene are 
30 entrapped within liposomes composed of polyethyleneglycol - 
dipalmitoylphosphatidylethanolamine . These liposomes are 
injected i.v. in a patient with metastatic colon cancer. 
Continuous wave 1.0 megahertz ultrasound energy is applied to 
the metastases. 
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Example 5 



£8 . 



10 



^^^-filled microspheres .r- . 
---^g egg Phosphatidylcholine . . " -ove 
^^oleoyloxy,propyij -n n n '2,3- 
^AC expression ors ^ ^'''^'^"""^i"- chloride • ■ 
—spheres are LT^r. ^--opMn get.' 
--cular .ystrophy L Beyer's"? ' '^''^^^ ^^^^ ^-he^..^ 
-.ahert. ultrasound energyTs 3p! : -0 ^ 

°^ the patient and .ay result - ^'^ '° '"'^ '""^^ie tics^, 
strength and .ass. ^" se in .uscuu; 



Example 6 



The CFTR (q 

T ^-^J-ar formulation ^^^^rapped 
With DPPc Th« • iiPids in a i-i " ^ 

cystic pt:::rT"= ^--cte. r^-^^^-^ 

show a reduction in ^ ' P^^^^^as, etc ) « 

^° -.proved functronr ^""-^-tion m the ; '''"'^ 

"nctionmg of the other ""^^ 

affected organs. 

Example 7 

Cat ionic microspheres . 
f°vInterleukin-2 (il , '^°"taining dna encodina 

"■-tastatic renal '"^^^^^^ into a n ^ ^ ^""^ ' 

'5 abdomen is ^ ""cerous or ! ^^^^ 

a„r.;::rf ^^^^ -^---^ "he ::v" 

echoes would r ^^^-tures oVth "''^^ '"'^ 

accumulate 1 as the m\ 

^ce an the tumor Th« i ""^^rospheres 

^-ation and pulse repetitJo Pulse 
' -i^ich the spectral u.r '"'^"^"^^'^ ""til th! 

Microspheres disaol. ^^^n-ture of th' 

-c"trolling 'ror, ,he tumor bv ^^^'^^iied 

ceils With 

" '^he gene for jl- 
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2. T-ceil lymphocytes may then respond zo the cytc>:ine and 
infiltrate and destroy the tumor. 



Example 8 

Cationic microspheres delivering DNA encoding the gene 
5 for Tumor' Necrosis Factor (TN?) are injected into a patient 
with metastatic renal cancer. A cancerous growth in the 
patient's abdomen is scanned with ultrasound. The 
backscatter from the tumor and spectral harmonic signatures 
of the ultrasound echoes would increase in the tumor as the 

10 microspheres accumulate in the tumor. The ultrasound power, 
pulse duration and pulse repetition are increased until the 
point at which the spectral ultrasound signature of the gas- 
filled microspheres disappears from the tumor. By carefully 
controlling the power, as detected by a hydrophone, 

15 cavitation is controlled. The treatment may result in 

transfection of some of the tumor cells with the gene for 
TNF. The tumor may then begin to produce TNF locally and 
massive coagulative necrosis may result. 



Example 9 

20 Microspheres composed of dipalm.itoylphosphot idyl - 

choline and cationic lipids binding DNA are constructed with 
alkylated derivatives of anti-tumor monoclonal antibodies. 
In a patient with metastatic melanoma, microspheres coated 
with ant i -melanoma antigen monoclonal antibody and containing 

25 Interleukin-2 are injected i.v. The patient is scanned by 
diagnostic ultrasound. Tumorous deposit within the soft 
tissues are highlighted by the reflective, gas-filled 
microspheres. As these nodes are detected by diagnostic 
ultrasound, the power of the ultrasound is increased to 5 

30 watts and focussed on the metastatic deposits containing the 
tumor. As the power is delivered, the tumors are monitored 
ultrasonographically . VJhen all of the high frequency 
spectral signatures reflecting tumor localized microspheres 
disappears within a given region of tumor, the sound energy 
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is Cher, focussed or, 

^-ing microspheres. 

Example lo 

Cationic gas-'ino' 

encoding '"5«ed against genes 

angioplasty site, it i. "\'"=°""<^ then applied t„ 



^5 Example li 



" 3"<r2ed . ! '"=P^"-i=n is heated to . ' 

"-ried by hand in . v„ ^ *''='"■: So-c =„j . 

20 minutes rh, u '""'^ bottom fl..i , ' '"^ then 

-'^led for t„ " —ved an,' " 

-=pensi„: ,:"° "^^"-al "hile alio " 

-«a--. Upo^es" . tTrV: 

" an appa't::^ Trtr-^^^ ^-«d in a . 

pressure. Th- . =>">jected to hioh " 

about lo-c ™r ""■'""^"-a Of . ;j^f "asative „,eu„„ 

a^-t hours ~r,r^"*" "^-^ ^ 
- --any instiiieitt:'::: : r^- ---- -"r 

pt:^r?%r - -r-'i:;- : --^ - -bout . 

■^e- The resultincr ^returned to ;,mu- 

^-"Ued lip„,„„,,, =-taini„, -nt 

-'-antially devoid of any r "^°-«as being" 

saline and 
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vcrtexed for 10 minutes, and then stored at aboui 4°C for 
about three months. 



Example 12 

To test the liposomes of Example 11 uitrasono- 
5 graphically, a 250 mg sample of these liposomes is suspended 
in 300 cc of non-degassed phosphate buffered saline. The 
liposomes are then scanned in vitro at varying time interval 
with a 7.5 mHz transducer using an Acoustic Imaging Model 
5200 scanner 

10 (Acoustic Imaging, Phoenix, AZ) and employing the system tes 
software to measure dB reflectivity. The system is 
standardized prior to testing the liposomes with a phantom o 
known acoustic impedance. Good dB reflectivity of the 
liposomes is shown. 

15 Example 13 

Dipalmitoylphosphatidylcholine (1 gram) and the 
cryoprotectant trehalose (1 gram) are suspended in 10 ml 
phosphate buffered saline containing the drug amphotericin-B 
the suspension is heated to about 50°C, and then is swirled 

20 by hand in a round bottom flask for about 30 minutes. The 
heat source -is removed, and the suspension is swirled for 
about two additional hours, while allowing the suspension to 
cool to room temperature, to form, liposomes. 

The liposomes thus prepared are then vacuum dried and 

25 gas instilled, substantially follov.'ing the procedures shown 
in Example 11, resulting in drug containing vacuum dried gas 
instilled liposomes, the gas-filled liposomes being 
substantially devoid of any liquid in the interior thereof. 
The liposomes are then suspended in 10 cc of phosphate 

30 buffered saline and vortexed, and then stored at about 4°C 
for several weeks. Prior to use, the gas- filled liposomes 
are extruded through a 10 ^m polycarbonate filter {Nuclepore 
Costar, Pleasanton, CA) by injection through a syringe with 
filter attached to the hub. 
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Example 14 

To test the liposomes of Exarni. . 
graphically, the procedures o ^ 47 . 

followed. cood dB reflectivitV oTth! -^^--^^all, 

^ °f «^he liposomes is shown. 

5. Example 15 

Dipalmitoylphosphatidylcholin. m 
1.0 ml phosphate buffered salt suspended 
cytosine arabinosine ' the ! =°"taining the drug 

- -en swirled ./^antira^ .^^--^ ^ -!t soec 
" . The suspension is then 1, ' ^ 

-trusion through an extrude! deJce f '° ' 
barrel (Extruder Device-, Li;ex I m ' ^^^^^ 

^-ada), both With and without col "' 
treatment p.i^r to extrusion ^r"'""'' thaw 
" temperature at about soZ -intaining the 

the suspension is swirled 'for iJlT and 

:::: ur:r- — "^0^;-^ ^^^^^ ^ 

" ^=-"Ple U, resulting i/^^'T ^^ "« "■'""dures sho™ 
»-ilUd Upo.o.es, the gas-S:!"""'"' 
substantially devoid of anv , ^^P^^o-es being 

^iP-o«es are then suspended"' ""^"^ 

" ^""-«d saline, and then st"" , " " " °' 

weeks. stored at about 4=0 fn^ 

•» ^ ror several 

Exaa^jle 16 

To test liposomes of Ex;,m^i 
graphically, the procedureVT "^^rasono- 

^° — . cood dB\ef\t";:;^^^^^^^^ 

y the liposomes is shown. 

Example 17 

In order to tesr 

»-o»^. o. the in^tr, r^i: ^ -"-.ih^ 

— n are passed hand ..r^^Tr^V^ 
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polycarbonate filter in a syringe as shov;n ir. Figure 10. 
After extrusion treatment, the liposomes are studied 
ultrasonographically , as described in Example 12. 
Surprisingly, even after extrusion, the liposomes of the 
5 invention substantially retain their echogenicity. 

Example 18 

The liposomes of Example 11 are scanned by ultrasound 
using transducer frequencies varying from 3 to 7.5 mHz . The 
results indicate that at a higher frequency of ultrasound, 
10 the echogenicity decays more rapidly, reflecting a relatively 
high resonant frequency and higher energy associated with the 
higher frequencies . 

Example 19 

A patient with cancer is given an intravenous drug 
15 containing vacuum dried gas instilled liposomes, the gas- 
filled liposomes being substantially devoid of any liquid in 
the interior thereof. The drug contained in the liposomes is 
adriamycin. As the intravenous injection is administered, 
the tumor is scanned ultrasonographically and via an 
20 automated software program, and the resonant frequency of the 
liposomes is determined. Ultrasonic energy is then focused 
into the tumor at the peak resonant frequency of the 
liposomes. The amount of ultrasonic energy is insufficient 
to cause any appreciable tissue heating (that is, no change 
25 in temperature greater than 2®C) , however, this energy is 
sufficient to cause the liposomes to pop and release the 
adriamycin at the tumor site. In so doing, local drug 
delivery is accomplished using the liposomes with ultrasound. 

Example 20 

30 In a patient with a severe localized fungal infection, 

drug containing vacuum dried gas instilled liposomes, the 
gas-filled liposomes being substantially devoid of any liquid 
in the interior thereof, are injected intravenously and 
ultrasound is used in a fashion substantially similar to that 
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described in ^^vart^r^i 

^-Lce or the mrecticn. 

Example 21 

= In order to prepare gas-fuiert i ■ 

1.2-Dipalmitoyl-s„.oij,eero 3 . ''P'^"""- fifty „g, of 

Naci) or Phosphate buffered II """" "°'""°'> 

" =Woride, o.oa* potassium ch'Cde „ 

Phosphate and Co., «o„oba: p",! ^^^^^^ -^i™ 

-=i.-ted to 7.4, i„ , =e„trif„^! t" " 
suspension was then shak.r. hydrated 
'"^-=ries, BoheJ, t """^ -Wne .scientific 

" -"in, , ^J^ - -no.es at an instrument 

->line solution decreased fro. 5 0 ^ 

Tf* gas-filled ll„„. to about 4 ml. 

-^ed by opticaVmro~",t":a"r """"^ 
rgest Size of the liposomes ranged T""'"'' 
" and the smallest size detected °" " " 

"erage size ranged from about L t' T '"""^ ' ™- ^' 

^'■^^-^m.diiposom "er^the^^^'°■ 
^° - i= ..n -TOCLEPORE. membrane usina . ^ 
Holder, crocLEPOSE- Filtratl „ ^ ° S„in-Lok Filter 

" Ca.^ridge, , 3 cTs " """^ 

""therford. Ki, . membrl "-Wnsion . Co 

-embrane ,„.clepore Eiltrat™ p," ' " " " ■""C.EPORE- 
<^--idge, „ ^Hilt 

niter Holder and the cao't " 

° solution „,s Sha.en-up atrit w 

=0 c= syringe vi. an le gauge needle T "^"^^^"^^ to the 
liposome solution was placed into th. ^"^'""'•^'^'y of 
-mnge was screwed onto the si , . ' 

holdert :e"mt^ "'""^ 
the larger of i-k assembly were inverro^ 

- the gas.filled liposomes vesiclest" Vrl"! 
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the cop. Then the syringe was gently pushed up and the gas- 
filled liposomes were filtered in this rr.anner. 

The survival rate (the amount of the gas- filled 
liposomes that were retained after the extrusion process) of 
5 the gas-filled liposomes after the extrusion through the 10. C 
/im filter was about 83-92%. Before hand extrusion, the 
volume of foam was about 12 ml and the volume of aqueous 
solution was about 4 ml. After hand extrusion, the volume of 
foam was about 10-11 ml and the volume of aqueous solution 

10 was about 4 ml. 

The optical microscope was used again to determine the 
size distribution of the extruded gas-filled liposomes. It 
was determined that the largest size of the liposomes ranged 
from about 25 to about 30 /zm and the smallest size detected 

15 was about 5 ^m. The average size ranged from about 8 to 
about 15 /im. 

It was found that after filtering, greater than 90% of 
the gas-filled liposomes were smaller than 15 fim. 

Example 22 

20 Fifty mg of 1 , 2-Dipalmitoyl -sn-Glycero-3 - 

Phosphocholine, (MW: 734.05, powder) (Avanti-Polar Lipids, 
Alabaster, AL) was weighed and placed into a centrifuge tube. 
The lipid was then- hydrated with 5.0 ml of saline solution 
(.9% NaCl) . The lipid was then vortexed for 10 miinutes at an 

25 instrument setting of 6.5. After vortexing, the entire 

solution was frozen in liquid nitrogen. Then the sample was 
put on the lyophilizer for freeze drying. The sample was kept 
on the lyophilizer for 18 hours. The dried lipid was taken 
off the lyophilizer and rehydrated in 5 ml of saline solution 

30 and vortexed for ten minutes at a setting of 6.5. A small 
sample of this solution was pipetted onto a slide and the 
solution was viewed under a m.icroscope. The size of the gas- 
filled liposomes was then determined. It was determined that 
the largest size of the liposomes was about 60 /im and the 

35 smallest size detected was about 20 ^m. The average size 
ranged from about 30 to about 4 0 ^m. 
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Example 23 

ph.p.o'TlYJ l.^;r„f ^^^^^^ 

d.a».ter, was v^apped arcund a =c„i=al ce.nL ' 
coil-lik, fashion. Tha latax t„H """^f-'S^ tu^e in a 

- can..i,.,e „i\\"a^:: rLHar" 

tubing was then connected to a cons-ant , " 
» Circulation .ath .VWH acientinc \ T"™" 
temperature of the 5ath was set to SO-VaM .he 

Of water was set to hirru . ^® circulation 

c-n. . t.eri::t::t;x:: ----- --.^ -e 

found to be between 42« and 5o" h 
IS transition temperature of the u^i. ^^"^ 

^.inuteJi ^ °^ - 

-a. ver. Uttie^L^JnToTtl^^^^^^^^ ' ' ^ 
= -»C) did not appreciably or. as V iTf 
optical Microscopy .evealed W u.Lt 

solution. The number of gas-fin H f ^'^^^^^^ the 
this temperature was less than .- . '"^^^ ^^^-"^^ -t 

a temperature below the phase . '""^ """^"^^ ^t 

solution was allowed to sit or lT"'°" The 
25 temperature equilibrated to room tem"""'"' 

solution was then vort^xed fir '"'"^^"^^"^^ <250C) . The 
After 10 minutes, it wa's notal °^ minutes, 

formed. ""^^ ^^^^ gas-fiHed liposomes 



° 50 mg of 1.2-Dipalmitoyl-Sn-rK,^ 

734.05, powder, ...anti-Pola^.fjr -'"^^^^^^ 

weighed and placed into a cen'rifL ^k'' ^^^^ ' ^L, was 

then hydrated with 5.0 ml of 1' , 1" ''^'^ 

lipid solution was vortexed fo/.o ^^5^^°"= 
' setting Of 6.5. After vortexi^p, instrument 
frozen in liquid nitrogen tL 

• The entire solution was then 



20 
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thawed in a wacer bath at room tenperature {25°C) . The 
freeze thaw procedure was then repeated eight times. The 
hydrated suspension was then vcrtexed for 10 minutes at an 
instrument setting of 6.5. Gas- filled liposomes were then 
5 detected as described in Example 21. 

Example 25 

Two centrifuge tubes were prepared, each having 5 0 mg 
of DPPC. 1 mol% (-0.2 mg of Duponol C lot No. 2632) of 
sodium lauryl sulfate, an emulsifying agent, was added to one 

10 of the centrifuge tubes, and the other tube received 10 mol% 
(2.0 mg of Duponol C lot No. 2832) . Five ml of .9% NaCl was 
added to both centrifuge tubes. Both of the tubes were 
frozen in liquid nitrogen and lyophilized for approximately 
16 hours. Both samples were removed from the lyophilizer and 

15 5 ml of saline was added to both of the tubes. Both of the 
tubes were vortexed at position 6.5 for 10 minutes. 

It was determined that the largest size of the gas- 
filled liposomes with 1 mol% of sodium lauryl sulfate was 
about 75 pLxn and the smallest size detected was about 6 urn. 

20 The average size ranged from about 15 to about 40 ^m. It was 
determined that the largest size of the gas-filled liposomes 
with 10 mol%.of sodium lauryl sulfate was about 90 and the 
smallest size detected was about 6 fim. The average size 
ranged from about 15 to about 3 5 lixn, 

25 The volume of foam in the solution containing gas- 

filled liposomes with 1 mol% sodium lauryl sulfate was about 
15 ml and the volume of aqueous solution was about 3-4 ml. 
The volume of foam in the solution containing gas -filled 
liposomes with 10 mol% sodium lauryl . sulfate was also about 

30 15 ml and the volume of aqueous solution was about 3-4 ml. 

Example 26 

This example determined whether sonication could be 
used to create gas-filled liposomes. 50 mg of lipid, 1,2- 
Dipalmitoyl-Sn-Glycero-3-Phosphocholine (Avanti- Polar Lipids , 
35 Alabaster, AL) , was weighed out and hydrated with 5 ml of .9% 
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NaCl. Instead of vortexino hv.^ 
scnicted using , h.H ZT 

XL ,Hea. SvsteL LT t "Urasor.ic ..ecesso: 

sonication, the solution „as v. awed und.. '"^'""""^ " 
^icoscope. ..eta was no evi.e-noa ^rl.^i::":" 
having been produced. -Hied liposomes 

Next, the micro tin of - 
replaced with the end ca; Th' removed and 

sonicate^ Jo.LT 1 -^^^ 
. -anotner solution rc;n ^ ^. 

saline) was prepared and ■ "^"^ = "1 °f 

-nutes, ..e^oLt!:n::s:::::rl::r,"'^-- " 

^= A,ain, there was no evidenoe I ,as ."l e" ' 

gas tilled liposomes. 

Example 27 

This example determined whether a i« 
Umit Of the lipid would halt the ' oV ^ 

liposomes. Ten mg of i S-Din al °' 9-s-filied 

20 Phosphocholine (Avanti-P laT,' 

- -;l Of saline solutlo^^o" r^l.^tr^^.h^^ ^ '^'^^ 
■Upid/saline solution was vortexed at ! 

-inutes.- The solution was viewed '1 " " 

for Sizing. It was d-terminenH ^" "^'"'^"^ microscope 

- liposomes ranged fromlCt L L"! ^^^^^^ ^ ^^^e' 

-llest Size detected was al 7 ^ ThV^ 
ranged from about 30 to about 45 ^n, 

It appeared that the gas- fin i • 
fragile as they appeared to bu Jt 1' "^^^ 
'0 previously shown. Thus, it appe^s Th ""'"'^ 

lipid is a factor in the generation i T °f ^he 

filled liposomes 5^"«ration and stability of gas- 



Example 28 

Unfiltered oas-fm^^ i- 
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filrer and S filter rhar are a minimum cf 150 urn apart , 
as illustrated in Figures 11 and 12. Alternatively, fcr 
example, the sample may be filtered through a stack of IC ut. 
and 8 filters that are immediately adjacent to each ether. 
5 Gas-filled liposomes were passed through the filters at such 
a pressure whereby the flow rate was 2 . 0 ml min'^. The- 
subsequently filtered gas-filled liposomes were then measured 
for yield of gas-filled lipid microspheres which resulted in* 
a volume of 80-90% of the unfiltered volume. 

10 The resulting gas-filled liposomes were sized by four 

different methods to determine their size and distribution. 
Sizing was performed on a Particle Sizing Systems Model 770 
Optical Sizing unit, a Zeiss Axiplan optical microscope 
interfaced to image processing software manufactured by 

15 Universal Imaging, and a Coulter Counter (Coulter Electronics 
Limited, Luton, Beds., England). As can be seen in Figures 
15 and 16, the size of the gas- filled liposomes were more 
uniformly distributed around 8 - 10 ^m as compared to the 
unfiltered gas-filled liposomes. Thus, it can be seen that 

20 the filtered gas-filled liposomes are of much more uniformi 
-size . 

Example 2 9 

250 m.g DPPC { dipalmitoylphosphat idylcholine) and 10 ml 
of 0.9% NaCl were added to a 50 ml Falcon centrifuge tube 

25 (Becton-Dickinson, Lincoln Park, NJ) and maintained at an 

ambient temperature (approx. 20*=>C) . The suspension was then 
extruded through a 1 "NUCLEPORE" (Costar, Pleasanton, CA) 
polycarbonate membrane under nitrogen pressure. The 
resultant suspension was sized on a Particle Sizing Systems 

30 (Santa Barbara, CA) Model 370 laser light scattering sizer. 
All lipid particles were 1 yim or smaller in mean outside 
diameter . 

In addition, the same amount of DPPC suspension was 
passed five times through a Microf luidics'" (Microf luidics 
35 Corporation, Newton, MA) microf luidizer at 18,000 p.s.i. The 
suspension, which became less murky, was sized on a Particle 
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Sizing systems (Santa Barbara. CA, s-b M- 

Model 370 laser liahc sr.^^ ^^-^i^le Si^.. 

si.e .as ^ .oun. ^ 

size of microfluidized susoen! ''^"^ P^-^-icIe 

5 up to Six months. ^"^-°^"^^°n- icnown to remain stable 

Example 30 

- 0.. .aci addrt?anr:r;r^^ - - 

(Becton-Dickinson, Lincoln ParJc L ^^^-^^"56 tub.^- 
" then extruded through a -^Pension was 

polycarbonate JmbraneldeT n^"' ^ "-n, 

P— ■ The resultant sus.ensL' ^"'"""^^ ^^^'^^O 
Siting systems (Santa Barbarr Ca"' °" ^ ^^^-i^ 

Model 370 laser lig., scatter^nr^ ^^^^^^^ ^-^r 

i^ditir r - ^-^^^^ - 

— five times ;hroU':;C:r.?^^^ was 
Corporation. Newton, ma) mi^ . ^^icrof luidics 

resultant suspens.^n' "'^'T'"^^-- le.ooo p.s T 
- ^ Micron PartLTe sT^e t^^^ ^^^^ ^ . 
--ing sizer and it .ll Zri^Tll:'' "^^^ ^^^^ ' 
iess than I ^n,. that the size was uniformly 



Exaapie 31 



The previously s-!^^.^ ^ 
25 Examples 29 .r.^ , suspensions of dppp = ^ 

pies 29 and 30 were subjected ^^^^ of 

-nutes on a Barnstead Mode csMs twenty 

'^"nstead/Thermolyne. Dubuaue ' 

:n ^^-P-ature .approx. .ooc,' Ze ^^"^^^^-tion to 

for gas instillation. ' ' ''^"^^^ -spension was 

30 Example 32 

" ml of a solution of i o , 
Pnosphatidylcholine at 25m./n,i 

P-vlously been extruded thl'" ^'^^ '^'^ ^''^^^ ^^d 
- — -utes. was add^t^: I l^J^^-- 

" 50 ml centrifuge 
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cube (Bectcn-Dickinson, Lincoln Park, New Jersey; . Afcer 
equilibracion of zhe lipid suspension to room renperarure 
(approximately 20°C) , the liquid was vorcexed on a V^»vR Genie - 
2 (120V, 0.5 amp, 60 Hz.) (Scientific Industries, Inc., 
5 Bohemia, NY) for 10 minutes or until a time that the total 
volume of gas-filled liposomes was at least double or triple 
the volume of the original aqueous lipid solution. The 
solution at the bottom of the tube was almost totally devoid 
of anhydrous particulate lipid, and a large volume of foam 

10 containing gas-filled liposomes resulted. Thus, prior 
autoclaving does not affect the ability of the lipid 
suspension to form gas-filled liposomes. Autoclaving does 
not change the size of the liposomes, and it does not 
decrease the ability cf the lipid suspensions to form gas- 

15 filled liposomes. 

Example 33 

10 ml of a solution of 1 , 2-dipalmitoyl- 
phosphatidylcholine at 25 mg/ml in 0,9% NaCl , which had 
previously been extruded through a l ^m filter and autoclaved 

2 0 for .twenty minutes, was added to a Falcon 50 ml centrifuge 
tube (Becton-Dickinson, Lincoln Park, NJ) . After 
equilibration of the lipid suspension to room temperature 
(approximately 20**C) , the tube was then placed upright on a ' 
VWR Scientific Orbital shaker (VWR Scientific, Cerritos, CA) 

25 and shaken at 300 r.p.m. for 30 minutes. The resultant 

agitation on the shaker table resulted in the production of 
gas- filled liposomes. 

Example 34 

10 ml of a solution of 1, 2-dipalmitoyl- 
30 phosphatidylcholine at 25 mg/ml in 0.9% NaCl, which had 

previously been extruded through a 1 ^m filter and autoclaved 
for twenty minutes, was added to a Falcon 50 ml centrifuge 
tube (Becton-Dickinson, Lincoln Park, NJ) . After 
equilibration of the lipid suspension to room temperature 
35 (approximately 20°C) , the tube was immobilized inside a 1 
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gallon empty household paint ^ron^=- 

Placed in a mechanical pa" ' subsequently 

-tion for X5 minutes " t:/:^:^ ^^''^^'"^ ^ ^^^^^^"^^ 
-be was removed, and it was no'edTh" ^^^"-'-^^^'"^^ 
5 had formed. ""'^'^ '^^^'^ gas-filled liposomes 

Example 35 

«ntrifug. tube IB.c.on-Oi.ki: "„ , " ' " 

(approximately 20'CI th= , room temperature 

-nutes. Up^nta^; .ana 
liposomes were formed. ^^tation, gas-fiiied 

Example 36 

dra™ i„to a so m '.JL^r:: ""'"'"^^ 
= ° 'Uter syatem consisting of l '^lT.r' ^ "-cade 

"aasanton, -CA, lo ,m f!lt„ ,Z '^""^^^ 
=Pa«d a minimum o/iso "^a!- 'l/" ' " 

""f ■ ^ 10 „m ana s ^m n^at " " ' 

"==<i, With the two filters ad^r assembly „as 

" "Ued liposomes were passed h""?" 

pressure suoh that they 'e« fuT ' ^ 
'■ha filtered gas-fiUel U„o/ ' °^ 

°^ the unfiitered volume = °^ SO-^o, 

The resultant gas-fiii^r) t 
- ^^fferent methods to^^eterm^e .r^"^ ^^^^ ''''' 
Sizing was performed on a Parti l ^"^-^ution. 
Barbara, CA) Model 770 Optical ^"'"^ ^^^^^^a 

<Ober3.ochen, Germany) AxLnlan ^ 
^ - i-ge processing so^::: ;:^"^^^ 

Chester, pa, and a Coulter c ^""^"^"^^ ^^^^^ng. West 

coulter counter (Coulter Electronics 



'e interfaced 
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Limited, Luccn, Beds., England). As illustrated in Figure 
18, the size of the gas-filled liposomes was more unifcrml 
distributed around 8 - 10 ^m as compared to the unfiltered 
gas-filled liposomes. 
5 Various modifications of the invention in addition t 

those shown and described herein will be apparent to those 
skilled in the art from the foregoing description. Such 
modifications are also intended to fall within the scope o 
the appended claims. 
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u . CLAIMS 
What xs claimed is: 

"^n.U.„ .e„pe.a.. .re,./.!" ^.t:- r/"""^ 
diamecer. "» in outside 

10 Mm an outside diameter 

deoxyribonucleic acid. ^ ^ntisense 



wo 94/28873 



PCT/X*S94/05620 



. 85 - 

11. A therapeutic delivery system cf clain 13 wherein 
the cationic lipid comprises N- [1- (2 , S-dioleoylcxy; propyl j - 
N, N, N- trimethylammoium chloride. 

12. A therapeutic delivery system of claim 5 wherein 
5 the lipid is selected from the group consisting of 

distearoylphosphatidylcholine, dipaimitoylphosphatidyicholine 
and egg phosphatidylcholine. 

13. A therapeutic delivery system of claim 7 wherein 
the 'therapeutic compound comprises a deoxyribonucleic acid 

10 encoding at least a portion of a gene selected from the group 
consisting of a human major histocompatibility gene, 
dystrophin, Cystic Fibrosis transmembrane conductance 
regulator, Interleukin-2 and Tumor Necrosis Factor. 

14 . A therapeutic delivery system of claim 9 wherein 
15 the therapeutic compound comprises an antisense 

oligonucleotide capable of binding at least a portion of a 
deoxyribonucleotide encoding Ras . 

15. A therapeutic delivery system of claim 1 wherein 
the therapeutic comprises a monoclonal antibody. 

20 16. A therapeutic delivery system of claim 15 wherein 

the monoclonal antibody is capable of binding to melanoma 
antigen. 

17. A therapeutic delivery system of claim 1 wherein 
the microspheres comprise gas-filled liposomes substantially 

25 devoid of liquid in the interior thereof and having 
encapsulated therein a therapeutic compound. 

18, A therapeutic delivery system of claim 1 wherein 
the microspheres comprise gas -filled liposomes prepared by a 
vacuum drying gas instillation method and having encapsulated 

30 therein a therapeutic compound. 



10 
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20. A method fnr- i-k* 

(lii) ruDturing the mir.. k region; and 



21. A method of claim 20 wherein ru ■ 
administered intravenously. "'^crospheres are 

22. A method of claim 20 wherein ^K • 

=»-pr.sed ^ip.UitoyIp.„.p,,,,:;;::;;_;';^ -=rc.p..„3 a.e 

A method of claim on u 
^'ined With a gas selected fro; the'" ^^"^P^eres are 

"i-ogen, carbon dioxide. ox^In ^fir ^^"^'^""^ 
neon. ^3^"' ^^gon, xenon, helium, and 

""^^^""^ °^ 23 wherein ^v, 

filled with nitrogen gas. microspheres are 

25. A method of claim u 
A method of claim on u 

°^ and about 20 dB. 

. A method Of claim 20 wherein ^K 

comprise gas-filled liposome, T "Microspheres 

the interior there:ra:d L:"!""'^''^ ^^-^^ 
therapeutic compound. encapsulated therein a 
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28. A method of claim 20 wherein the microspheres 
comprise gas-filled liposomes prepared by a vacuuT. drying ga 
installation. method and having encapsulated therein a 
therapeutic compound. 

5 29. A method of claim 20 wherein the microspheres, 

comprise gas-filled liposomes prepared by a :gel state shakin 
gas instillation method. 

30. A method for preparing a targeted therapeutic 
delivery system comprising gas-filled liposomes, said method 

10 comprising the steps of shaking an aqueous solution, 
comprising a lipid and a therapeutic compound, in the 
presence of a gas, at a temperature below the gel to liquid 
crystalline phase transition temperature of the lipid. 

31. A method as in claim 30 wherein the shaking step 
15 comprises vortexing. 



32. A method as in claim 30 further comprising the 
steps of filtering and heat sterilizing said aqueous lipid 
solution , 

33- A method as in claim 30 further comprising 
20 extruding the gas-filled liposomes through at least one 
filter of a selected pore size. 



34. A method as in claim 33 wherein the pore size is 
about 10 ptm or smaller. 

35. A method as in claim 30 further comprising 
25 hydrating a dried lipid to form an aqueous solution 

comprising a lipid. 
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delivery systeT?r "^^^-^^^^"^ ^ ^-^--d cheraoe.-.ic 
-xvcxy system comprising Qas-fin«^' i- " 

comprising the steps of- "id „eth=.d 

comprising , iinid i" the ' °" 

c- ^ ^ -LiPicl, m the presence of a qas at- « 

5 temperature below th*. r,oi ^ • 

transition ^ ^"'^"^'^ crystalline phase 

transition temperature of the licid fr. - 

liposomes; and adding to said ^ Sas-fiiied 
compound. ^ liposomes a therapeutic ■ 

3 7. A method as in -a^ u 

10 comprises vortexing. ^^^^^"5 3tep 

38. A method as in claim 36 further ro 

e.trJi . 

selected pore size. " of a 

40. A method as in claim u 
about 10 ,m or smaller. is 

41- A method as in cl?.im or ^ 
^0 hyarsting , dried lipid to " " -"^---9 

comprising a lipid. " ''"'""^ solution 

42. A method for Dr^:*n^>.^„^ 
^^Uver. system comprising "^j^:"^'"^ '""'P-^ic 
comprising the steps of sLkin, . method 
co^rising a lipid and a the:iut"i:'"""^ 
presence of a gas- and „„ " compound, i„ the 

liposomes .o. fhe;ap:li?::r '""""^ '-""^^ 
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43. A mechcd for preparing a targeted cherapeutiz 
delivery system comprising gas-filled liposomes, said method 
comprising the steps of: shaking an aqueous solution, 
comprising a lipid, in the presence of a gas, at a 

5 temperature below the gel to liquid crystalline phase 
transition temperature of the lipid, to form gas-filled 
liposomes; adding a therapeutic compound; and separating the 
resultant gas-filled liposomes for therapeutic use. 

44. A method of making therapeutic containing gas- 
10 filled liposome microspheres, comprising the steps of: 

a) introducing an aqueous solution comprising a 
lipid and a therapeutic compound into a vessel; 

b) introducing a gas into said vessel; 

c) shaking said aqueous lipid solution in the 
15 presence of said gas so as to instill at least a 

portion of said gas into said aqueous solution, said 
shaking performed with sufficient intensity and 
duration to produce a gas-f illed-liposome-containing 
foam above said aqueous solution; and 
20 d) extracting at least a portion of said gas- 

f illed-liposome-containing foam from said vessel. 

45. The method according to claim 44, further 
comprising the step of cooling said aqueous solution. 

46. The method according to claim 45, wherein the 

25 step of cooling said aqueous solution comprises cooling said 
aqueous solution below the gel to liquid crystalline phase 
transition temperature of said lipid. in said aqueous 
solution . 

47. The method according to claim 44, further 
30 com.prising the step of pressurizing said vessel. 

48. The method according to claim 44, further 
comprising the step of sizing said gas-filled liposomes. 
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steo Of '° ""'^'^ "herein th. 

step Of s.zxng said gas-filled liposomes comp^^s^s 
controlling the size of said gas-fill.H i • 

from said vessel. liposomes extracted 

51. The method according to claim 
= Size Of said gas-fiiied lioosomes exttcted / 

is controlled by settina th. i ^'^^^^'^^ed from said vessel 

^hich said gas-fiiieTiL? " ^^^^^ 

y s riiied liposomes are extracted. 

52. The method according to clsim u 
IS controlled by adiustina , ^^"'"d from said vessel 

„Kio. ..d^as^ait! u;s"::s"::et:::c:::v""^ 



53. The method acroT-Hi-r,^ 
) srpn of • ■ according to claim 48, wherein ^v, 

step of sizing said gas-fiHed Hr, ^nerein the 

said extracted gas-f!lled LL "-P^--' extruding 

g tilled liposomes through a filter. 

seep ors.::; rr:™;-; *«-n ..e 
--=ui„, ..e i..e!s., ^ii::^::::;--'-" 

55. The method according to claim . 
ccprising the step of flowing 'sat gas .n;^?^^^ 
extracted from said vessel into . liposomes 
processing. ^ '^^""3^ 'without further 
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56. The method according to clain 44, wherein the 
step of shaking said aqueous solution comprises the step of 
shaking at a frequency of at least about 60 shaking xcticns 
per minute. 

5 57. The method according to claim 44, wherein the 

step of shaking said aqueous solution comprises the step of • 
vortexing said aqueous solution. 

58. The method according to claim 44, wherein the 
step of shaking said aqueous solution comprises the step of 
10 shaking said vessel. 



59. The method according to claim 44, wherein the 
step of shaking said aqueous solution comprises shaking said 
aqueous solution with sufficient intensity to create said 
gas-f illed-liposomes-containing foam in less than about 30 

15 minutes. 

60. The method according to claim 44, wherein the 
step of shaking said aqueous solution comprises the step of 
controlling the duration of said shaking based on the 
detection of said gas-f illed-liposome-containing foam. . 

20 61. The method according to claim 60, wherein the 

step of controlling the duration of said shaking based on the 
detection of said gas-f illed-liposome-containing foam 
comprises shaking until the presence of a pre-determined 
volum.e of said foam has been detected. 
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62. An apparatus for makina the-aoeut^c ronr • 
gas .illea liposomes, comprising: *^ 
a) a vessel; 

5 com« introducing an aqueous solution 

:::r::::!i: ^ - ~ 

c) .eans for introducing a gas into said vessel; 

10 "^^"^ instilling said gas into said 

1° aqueous solution in said vessel rL k 

foam containing gas-fiiiel lL Producing a 

vessel i^^Posomes within said 



-ans for intrUT^^ ^^"^'^"^ ^° ^^^^^ ^^--i. 
- ^eans for int^^:: Z^^^''' ^^^^^^ 
therapeutic compound' and me s LTl/^:^ 
"ledia into said vessel. introducing an aqueous 



n said 
ses 
ing a 



64. The apparatus according to claim . 
means for instilling said gas in^o ^^^^^^^ said 

vortexing said a,ueous solution 

The apparatus accordino to ,.1 . • 
co.P.isi„, „ea„s .or oooUn. said'a^totXiJr"^'^ 

tmg said foam from said vessel. 



I 
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69. The apparatus according claim SB, wherein said 
means for extracting said foair. froT. said vessel comprises 
means for adjusting the vertical location at which said foam 
is extracted from said vessel. 

5 70.' The apparatus according to claim 68, further 

comprising means for flowing said gas-filled liposomes 
extracted through a filter assembly. 

71. The apparatus according to claim 70, wherein said 
filter assembly comprises first and second filters spaced a 

10 predetermined distance apart. 

72. The apparatus according to claim 62, further 
comprising means for sizing said gas-filled liposomes. 

73. The apparatus according to claim 62, further 
comprising a filter in flow communication with said vessel. 

15 74. The apparatus according. to claim 62, further 

comprising means for pressurizing said vessel. 

75. The apparatus according to claim 62, further 
' comprising means for flowing said gas- filled liposomes 

produced from said vessel into a syringe substantially 
20 without further processing. 

76. The method of claim 46 further comprising the 
step of pressurizing said vessel. 

77. The apparatus according to claim 67, wherein the 
means for cooling said aqueous solution comprises means for 

25 cooling said aqueous solution below the gel to liquid 

crystalline phase transition temperature of said lipid in 
said aqueous solution. 
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78. The apparatus according to clain 77 ^, . 
co.pr.sing .eans for pressurising said vrel 

whereiJ'saiJtrd"''"''' '^''"^^^ ^^^^^^ °^ ^ 

^ ---^ -Vt^Tgr^L:::--^^ - 

aipalmitoylphosphotidylcholine, 

dins 1 m-i -K/^^ri , . _ ' 



dipalmitoylpnosphatidylethanolamin^ and , . 
and said liposome further c«./ Phosphatidic ac 

further comprising polyethylene glycol . 

- ---in'saiJnpt^V^^^^^^^ ''-'^^ ^ 
dipalmitoyl lipL ""^"'^^^ ^^^^ 

-ei: saiJlr^^^^^^^^ Claim . 

consisting of carbohydrates 11! 
15 glycolipids and lectins sa^d th "' 

the surface of said mic^ospLre incorporated into 

^2. The method of claim v. 

. "Iter and a needle- said " . ""^'^"^"9 lease 

£r<,„ said barrel through said fil^r "' '^"-""-^ 

^-prises a^a'rrerotr'sy'r^;" ^^^^ -'"^ 

-"acung .emprises si.ing sa^d ^as ."In'!',"" "'^ « 
extruding said lip„,„„„ J'jj" '"'^"^ Upos^es by 

filter. i="=^'el through said 

"ethod of claim 55 ' 
- l^P=...es into a syringe, sa^" s":;;!':!"'. '^'"'^^ 

yi^mge comprising a barrel, 



wo 94/28873 



PCT/US94/05620 



- 95 - 

at least one filter and a needle; whereby said filter sizes 
said liposomes upon drawing said liposomes into said barrel. 

86. The method of claim 44 comprising extruding said 
liposomes into a barrel of a syringe, said syringe also 

5 comprising at least one filter and a needle; whereby said 
filter sizes said liposomes upon extruding said liposomes 
from said barrel. 

87. The method of claim 44 wherein said step of 
extracting comprises drawing said gas-filled liposome- 

10 containing foam into a syringe, said syringe comprising a 
barrel, at least one filter, and a needle; thereby sizing 
said liposomes. 

88. The apparatus of claim 68 wherein said vessel is 
15 a barrel of a syringe, said syringe also comprising at least 

one filter and a needle; said means for extracting comprises 
means for sizing said gas-filled liposomes by extruding said 
liposomes from said barrel through said filter. 

89. The apparatus of claim 68 wherein said vessel 
20 comprises a barrel of a. syringe. 

90. The apparatus of claim 89 wherein said syringe 
also comprises at least one filter and a needle; said means 
for extracting comprises means for sizing said gas-filled 
liposomes by extruding said liposomes from said barrel 

25 through said filter. 

91. The apparatus of claim €2 wherein said vessel is 
a barrel of a syringe, said syringe also comprising at least 
one filter and a needle; whereby said filter is a means for 
sizing said liposomes upon drawing said liposomes into said 

30 barrel. 
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^2. The apoaratus of ri = im r-^ • 

*- Claim 62 w^e^-^a-in e^^-i^ 

a barrel of a crr>-^^ ^-e^em saia vessel = 

s ooiu J-iposomes upon ex»-rnr) „ • j -, . 
5 barrel. ex.rud.ng said liposomes frcni sa; 

93. The apparatus of claim 68 wherein c='^ 
extracting comprises means for drawina sT . '^"^ 
liposome-containing foam into ^Z^^'^^-''''^' 
comprising a barrel io= . >^^i"3e, said syringe 

" -„e.. .ai„, 3aL\ - 

- neadU, ..^ filter assen^ly fu.", ' f 
-.d n«dle .„a uprising a/l«.rL , ""'^^^ 
=°"tai„i„g a targeted theLeutirH T "'"^^ 
. 9a.-fUled Microsphere vhte „ .a 7^^^"'" ""'-^^^-^ 
--.prises a therapeutic cc^pc'^d ^""^^"'^ microsphere 



^3se4^i/:\:rdT.u:erir M 

- --ater, having a needle-L Lrsldt rna""':'""' ^ 

a second filter, firs- a„ri "^-^rel- facing side 

"-^^e. facing and sa.^ : rjlrfa'cr^^'^ ""^ "^'^^ - 
filter respectively, an o il ' k " °' '''^ ^'-^^ 

""^ disc and said'secld futer ^^""^ -""^^ 

- f"t- is spaced approximate riso^t T"'" 

Of said first filter. °°' ""=^^1 "facing 

The apparatus of clai™ o= 

-id second filter having pores "a^ ''''^^ 

pore Size of about lo ,m and said . '''''' ^^^"9 ^ 

° 3i^e of about 8 ,m. '^"^^ having a oor^ 
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S7 . The aooaratus of claim 94 wherein said filrer has 
pores, said pores having a size in zhe range of about 3 0 nm 
zo about 20 microns. 

5 96. The apparatus of claim 94 wherein said filter has 

pores said pores having a size of about 8 /xm, 

99. The apparatus of claim 91 having a first filter 
and a second filter, said first filter and said second filte: 
having pores, said second filter having a pore size of about 

10 10 Mm and said first filter having a pore size of about S um 

100. The apparatus of claim 91 wherein said filter has 
pores, said pores having a size in the range of about 3 0 nm 
to about 20 microns. 



101. The apparatus of claim 91 wherein said filter has 
15 pores, said pores having a size of about 8 ^m. 



102. The apparatus of claim 92 having a first filter 
and a second filter, said first filter and said second filte: 
having pores, said second filter having a pore sizie of about 

20 10 urn and said first filter having a pore size of about 8 un 

103. The apparatus of claim 92 wherein said filter has 
pores, said pores having a size in the range of about 3 0 nm 
to about 2 0 microns. 

104. The apparatus of claim 92 wherein said filter has 
25 pores, said pores having a size of about B pLva, 

105. The method of claim 20 wherein the microspheres 
are administered via a nebulizer. 



106. The method of claim 105 wherein the microspheres 
are targeted to the lung. 
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The method of ri-^m - 
is anrisense ras/psj. ^^srapeu^i^ 



^^0. The method of claim do ^ ^ 
above ambient pressure. P^^formed at a pressure 



^ii- The method of claim ac 
^0 above ambient pressure. P---^ormed at a pressure 
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